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TO 

MY WIFE 



; PREFACE , ■ 

.This volume has been designed to meet 'the require- 
meiit,s of junior students of Indian universities ^ offering" 
Logic .for their Intermediate and B. A. examinations..,' 
I published my Elements of Deductive Logic in 1918 
(S. K. Lahiri & Co., Calcutta), and had expected to 
bring out the Elements of Inductive Logic the 'same 
year, but the plan had to be abandoned. In'stead of the 
latter, I am now offering the present volume, dealing 
with Induction. It was witten out in p-^rt in 1919, but 
the' manuscript could not be finished till roy return, from 
my second tour in the United States of America. 

Special attention has been devoted to the method of 
presentation, the arrangement of facts, to make it of 
some service to teachers as well, in drawdiig’iip, ‘notes' and 
summaries of their lectures. Most of the, ■test-books .o,B 
Inductive Logic use illustrations bearing 'oh science, 
which are generally uninteliigible to those possessing no 
scientific knowledge. Hence, I have attempted to put. 
in common illustrations, simple and easy in themselves, 
having reference to the ordinary everyday knowledge of 
junior students. At, the same time I have resisted the 
temptation of illustrating too much the general principles 
discussed,. Complete analytical summaries as an aid to 
visualisation, and typical Questions and Exercises for 
revision, have been appended to each chapter separately. 

' An ^ elementary text-hook on a subject like Logic 
cannot have any pretensions to originality. Even if an 
attempt w^ere made, it is doubtful if it would then answer 
the requirements ' of the University curriculum as laid 
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down at present. It is designed to be a icri-hnoj; ratlier 
than any origina.-! contribution to scieiicea Ai! /lie smie 
its Boveity consists in its trearnieiit oi' Aie rnnrhjmraiUd 
principle of induction, viz., Caiisa.tio!i, in no! on;}' ai? 
expository and critical but also a coinnaisitive iriellu'Hl. 
Students have been referred to the doiirnv’ i nl^ui! ir 
as we have it expounded in the Iliinlu m. -tori' o! 
and Idealism. On the basis of tins knowlcilgc, wiiic'i'i 
Indian students ought to possess, it seems easier lo biiilu 
up the modern western theories .,as expoirnded i'n tlua 
followd..ng pages: and tlie treatrneiit^ in itself off«,;?rs 
sufficient materials to students for n {‘ritieai (oaiisidera'tioii 
of the whole doctrine, wdiicli siiouki clear iy bring out tlie 
.significance of Indiiction. 

I have to acknowledge my indel:)te(lness to the 
writers whose w^orks I have referred to, and wliicli i'lave 
proved helpful to me. 

Peabhu D'UTT Shastei 

Boston, Mass. 

January 1st. 1922 
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UKNivIlAL XATUKK OF IXDIICTION 


1. The Problem of Induction. — The syllogisni is no 
he tier than a hypothetical judgment, because the con- 
elusiori is true only if the premisses are trued The 
])robleni remains: how do we establish the premisses 
tiiemselves ? All syllogistic reasoning is the appiieatioii 
of a general isati on, a law, a piinciple, to particular facts 
and cases ; hence, we have now to examine the ground 
oil which generalisations are based. 

Tiie primary source of all our knowledge is experience ; 
but obviously it gives us knowledge of particular facts 
only, not of general principles. For instance, experience 
teaches us tlurt men died in the past, that they die at 
present, but it cannot justify our belief in the mortality 
of all men, including those yet to be born. Again, even 
without examining all peacocks we confideiitly assert that 
they are blue. We examine" only one triangle and 
generalise that the sum of the tliree angles of anu 
triangle is equal to two right angles. The problem of 
Induction is to find out the justification for taking this 
leap towards generalisation from only one or few 
■observed cases, to examine the grounds on which we 
base inferences of universal laws from particular facts. 

^cf Tine author’s Eif'meias rE Declueiire LoqIc, Calcutta, 1918. 
m, ch 4. 
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How do we arrive at universal |,rnp<isii.i<'iis. whudi 
experience is incapable of yielding ] Ib’.s is the ipiesseo! 
that states the problem of Induction.' 

2. The Meaning of Induction.— If liuhicUon anus m 
the discovery of universal laws wiiieb express th- 
essential nature of phenomena, it must be ivgur.len u^ 
tlie most adequate and necessary iustrumeut ou im- 
advancement of Science. .For^tluit reasuii induct ivc 
Logic is also known as the Logie of Science, ■'science seek' 
to understand nature ami to control il' b\ the po%\ti 
of knowledge. Suoli knowledge is onl>' jin.sspile by 
strict loyalty to facts; hence scieidilie tlioiigbl is alway> 
controlled hy facts. The progress of ^science is cl'i'ectcd 
by an appeal to facts at every stage.' Science always 
aims at the formulation of most genera!^ bypmlieses, 
which, duly verified, become universal principles. 

The term ‘Induction’ covers the whole process o! 
scientific explanation, which means that it invuhes 
Deduction as well.® But sometimes it is used in a more 
restricted sense, viz., the. observation of facts and the 
fqrniulation of .a hypothesis. We consider such restric- 
tion to be more or less arbitrary, since it assumes that. 
Induction and Deduction are always to he kept apart 

’“"Why is a single instance, in some cases, sufficient for a 
complete induction, while in others myriads of concurrinc instances, 
without a single exception, known or presumed, .go such a very 
little way towards establishing an universal proposition V M hoevey 
can answer this question knows more <.>f the philosophy of l<.>gic 
than the wisest of the ancients, and has solved the proldein ol 
Induction — Mill, Logic, III, iii 3. 

^“The triumphs of science have been due to an insisfence on 
factii. The victories have been wou by turning away trom vague 
■armchair speculation, and by exact nhnen-ntinn of what aetiiall,'’ 
occurs. The result of this laboriitory method is that the scientist 
now speaks with unparalleled authority.” — Qiuih'ri^in. <i HeUniini 
of Life, London, 1908, p. 21 . . 

“ Vide ch. VII infra. 
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a,n assn nip ti on wiiicli falls short - of truth. Induction and ^ 
Deduction are to us only aspects or stages of one and tlie ^ 
same process. 

Aristotle defines Induction as the -process of ' estah- 
lishing a general proposition by appeal to 'the' particular 
instances in which its truth is shown'’. The doctrine '.of 
hidiictioii was, however, not worked out in any detail 
either in Traditional or in Scholastic Logic. Although 
Roger Bacon (1214 — 1294) had insisted on testing the 
value of tlieories by reference to concrete facts and had 
spoken of man as tlie interpreter of nature, the credit of 
founding Induction is usually given to Francis Bacon, 
Lord Verulam (1561 — 1626), who elaborated the 
Inductive method for the interpretation of nature. He 
viewed Induction as the discovery of '' forms (ie., the 
essence) of thiiigs. After him, J. S. Mill (1806 — 1873) 
defined Induction as the ]:>roeess of discovering and 
proving general propositions. He considered all inference 
as inductive, and a procedure from tlie known to the 
unkiiowii. Bain dethies Induction as the arriving at 
general proposition, by means of Observation or Fact. 
Venn regards it as the objective counterpart or founda- 
tion of inferribility. According to Jevons, Induction is 
essentially enumerative : " Perfect ’ Induction — “ in which : 
all the objects or events which can possibly come under 
the el a.ss treated have been examined — gives us certainty, 
while ' Imperfect b Induction cannot take us beyond 
prol)ability. In inductive reasoning, as in the deductive, ' 
tdie conclusion never passes beyond the premisses. 
8igwart^ speaks of IiKliiction as the inversion of the 
syllogism, and Bosanquet'-^ defines it as ‘the reference 
lo reality of a system or the ground of particular 

^ ef. Si^rwurt, Loyih, IT. 401. 

■-’cf. Bosanquet. 179, 43 
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differences within it by which reality, is taken a.s 

c[ualified/ Wundt considers tfie elementary 

form of Induction as a syllogistic argument in the third 

I'igure ( #-%*)• 

Eelation between Induction and Deduction. — W't. 

have spoken of Induction and IJeduietion as twe^ 
of the same process. They are disliiietioiis within 
unity, moineuts of the same process, lhaluction cannr.i 
i^roceed without a generalisation in the form of ilie 
major premiss, and such generalisation can only i»e 
arrived at by means of iiiduetion. On the otlun* hand, 
induction also involves deduction, without which it 
cannot complete itself, lienee siicJi like slalements as 
‘Inference is essentially deductive' ( Ihtmillon i, 
‘Inference is at hottom inducti\’e ’ (Mill) err in being 
one-sided, and do not state tiie whole truth. The fact 
is that inference is a complex process involving both 
induction and deduction ; neither is less important than 
the other. A rigid separation between the two is 
impossible. Keeping this in mind, we may still 
distinguish the t\p aspects of the inferential process. 

It is usual to distinguish Induction and Deduction as 
c( m v erse processes. Thus it is said that iiuhietion proceeds 
M’roia the particular to the more general, aud Deduetiun 
• from the general to the more particular. In the former 
we attempt to explain particular facts l)y diseo\’ering 
their interconnexioii and state it iii the form of a 
general law; in the latter we start with a general law 
and apply it to xmrticular cases, thereby pnA'ing the 
existence of a certain attribute in a particular subjeet. 
Induction proceeds from facts to reasons that explain 
those facts. , .Deduction proceeds from conditions to their 
i consequences. The former is essentially an instrument 
'of discovery and explanation, the latter of veriHeation 
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iiid proof. Induction reduces multiplicity to the , unity 
of tj law ; it finds unity and uniformity 'within diversity ; 
it seeks the one in the ■ inarn^ ; it attempts to organise 
tiie vast mass of details and facts into an ordered and 
s\-:siema.li.<‘. whole. iJeduetioiu on th.e other band, tests 
liie A'alidity of a universal principle ■ or a general, law : it 
])i'o\’es tlie trutli of a law by its application to fresh 
cases ; it d(M.uoMstrate>s a truth by applying it to particular 
relevant; r;.icts : it traces the consequences of a certain 
cundilinn assumed to l)e true. Both tliese proc^^^^ an^ 
iiinliially su})p]ei!H3ihuryd •• 

'Hu* fcllnwiiig Table sriinniarises the cliaracteristics of 
1 n<iu(U ion ami 1 E*duction : — 


Inductiou. j 

Deduction. 

1. Priiiriplt' : ’ Wluit is true 

3 . Principle : ‘ What is true 

of each is true of all,' i 

i of all is true of each.” 

2 Proceeds from ]>art to 

2. Proceeds from whole to 

whole. 

! part. 

H . In fe re n ee vie w ed from th e 

b. Inference viewed from 

sifie of dilferenees. 

the side of the Universal. 

4. Starts with individuals 

4. Starts with universal laws 

and ascends to universal laws. 

and descends to individuals. 

' d. Px])erience the starting- 

5. Independent of Experi- 

point. 1 

ence. 

Proceeds from facts to j 

G. Proceeds from reasons 

reason.s. ! 

to their consequences. 

7, Aims at indh. ; 

7. Aims at ralitpti/. 


f/ce/ -• Causal ox]>lanati()n 8. Goal: Application of a 
<»f }>henonKuia. universal principle to facts. , 


A'f. what Piichl says on Induction; ‘ Ko Induction is possible 
without Deduction, Induction is a hypothetical Deduction, a con- 
jecture by means of a Deductive sy]logisin.’ Also cf. “The 
distinction between Induction and other forms of Inference. 
{UTorieously described as the distinction between Induction and 
l>e<luction, is chietly a distinction of aspects, largely based on a 
<*.ou fused idea of Induction, but yet in some degree justified. 
Bosaa<|net. Liffjhu II. 3 8. 
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Induction, 


1 Je/iuclioii. 

9. 

Reduces nmitif licity to 

U. 

Proves the n’Utli of a lav 

the niiity of a law. 

liv it.s 

a] (plica! ion to fresli (‘asi's. 

10. 

Characterised by noveh v 

It). 

2so\elty only 

in its result. 

logic: 

1. not strictly logical. 

ii. 

Instrument <.)f dt octree Vi/. 

il. 

-InstruiiKCir of rerijirndi^n 


and }! 

nxij. 

12. 

First premiss xi fad. 

12. 

Major ])remiss ;i jn-ia 





13. 

Copula constitutes.” 

1 3 , 

Cotnda is." 

C-Vll, 

Comnioulv ]>rior to ami 

14. 

FsiLaliy lio'-tcrio]' in a.nd 

independent of Leduciion. 

depmuient on Induction. 


Thus we see Uuit altliough iiiiVreiu's" is, ji siiigh* 
process, the distinction between Induction a.n<i I hsluction 
is not absolutely meaningless. DusaiKjuet holds that 
Induction has liardly any claim to be classed as a species 
of Inference.^ Boyce Gibson too objects to the use of 
the term “ Inductive Inference,” winch lie regards 
as a “misnomer.” But if we keep in view the real 
basis of distinction between Induction and .Deduction, no 
reasonable objection could be preferred against llie liine- 
honoured and familiar term. What may, with some 
justification, be objected to, is the antithesis often set up 
between Inductive and Deductive Logie. 1 )eduetive Logic 
treats of several inferences which are inductive in the 
commonly-accepted sense, wliile Inductive Logic proceeds 
oil a method which cannot complete itself without the 
aid of deduction. Thus Inductive and Dedueti\ ’c Logic 
f are not to be treated as two water4.iglit eompurtineiits. 

It has not for its differentia any peculiar nature in tlio 
universal which carries the conchision. It is, conseuueutly, like 
romparison or Recognition, like Observation or Kx}KnIiiiont. a 
lansient and external characteristic of inference. ’ — Bosttnnuoi. 
Loifn:, II. 176. 
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l.ogic. is mn: : it treats .of inference which involves botli 
intiiuilnii ainl iledaetioii. At the same time, we must 
nni dial for tlie sake of cleaiaiess are 

iitu-rsMua alihou^a'h they must not be trmisfornied 
biu) We have ourselves divided our exposi- 

lioii of luo’iea .1 ]jriiicipk\s into two parts, and have iianied 
I lima ill I h .(3 usual way, williout in any sense recognising- 
..r impiyiiig ;iny autitliesis between Inductive and 
Dc^diui'iivf? L*ogic. 

4. The Inductive Syllogism. — Aristotle understood by ; 
lieliietinn the irrocess of estahlisliing a iniiversal propo- : 

hy showing eiiipirically that; it is true in each 
parliriilir vase relevant t<.» the inquiry. This kind of 
Imiuctiori — called Terfeet Induction {^vide cli. II)— can 
he stated in tlie form of a syllogism: — 

Man, horse, ass ... are long-lived. 

Man, horse, ass ... are animals without bile. 

All animals witliout bile are long-lived.^ 

If tlris syllogism is to lie true, its minor preriiiss 
must be eoin'ertible “'simply '’; it must cpniprise ah. the 
partieiihu’s, the members in the enumeration must be 
v.uiiiniensurate with the class. The Inductive Syllogism 
may, t]ieref«.>re, be expressed in the following symbolic 
form ; — 

S., So, S 3 are T, 

,S|, S.,,, S;> alone are M, 

: '.•. AllM is r. 

Aristotle describes it as an argument 'by wliicii we 
pros'e the major term to be true of the middle term, by 
means of the 'minor term’. If the conclusion 'Ail 
M is r’ is taken for nothing more than an cnnmeraiin 
it will not serve as a true universal proposition 

' Afu rnur, II. e. 23. Also cf. A?/. Post. II. c- U. 
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which science requires. To fulfil that pui’ixist' ii, uuibt, 
sliow that there is a law of connexion between ..\1 ano 1 . 

Strictly speaking, the indnetive Syllogism, riiongh 
valid in '^the above sense sdolates the syllogistic nuos.' 
since, in the minor premise, tlie coiuila i,s not " are but 
“ constitute ” or “ make up ” (which is I he real nteaning 
of “are” here). While each of the instances in the 
major premise is 1’, those of the minoi' premise' eou- 
stitute M all together. In this sense, then, M is used 
eolleotively iu the minor premise and distribuf i\ ely in 
the conclusion ; hence the conclusion Ad Ai is 1 
cannot he valid. It is only valid if the enumeration is 
(complete ; thus : — 

Valid. 

Si, S-i, Sa are P. 

Si, S2, Ss alone are M. 

: /.Ail MisP. 


In valid. 

Si, So, Bn are P 
Si, Sa, S:t are all ’I\f. 
. All M is P. 


The mlid form of the Inductive Syllogism, as given 
above, may also serve as a symbolical expression of 
Perfect Induction ” ; and we may also note in passing 
it is just the inverted form of the Deductive 
Syllogism 


Perfect Induction: an .hidactice 
Syllogkm. 

Spring, Summer, Autumn and 
Winter make up a year. 

Spring, Summer, Autumn and 
are the four seasons, 
four seasons make up a 


Deduct i ve. Sfjlhifjisni . 


The four seasons make up a. 
yeaih 

Spring. Summer, Autumn and 
.Winter are the four seasons. ' ' 
Spring, Sunimer, Autumn ; and 
Winter make up a year. 

So, too, the principle of Perfect Induction is just the 
of the Dictum cle omni et mdlo, and may 1)6 
as : ‘^What is affirmed (or denied) of all the 

This argument violates the rules of the syllogism, and yet it 
IS perfectly valid. The reason of this is that the rules of 
syllogism are not designed to meet the case of a quantified ra’edicate 
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It^cfieal parts, iiiay be affirmed (or. denied) of the logical 
w'liule ■' : 07' Wliafc is true of each is true of all ”, 

5. ■ Eediiction of Inductive Syllogism to Deductive 
form."— A.tteiu]:)ts have been, made' to exhibit the Indue™ 

Sylb,»gism into the Deductive form, but tlie traiis- 
rnrtiialu.m stnuns to be movo or less iiiiiiatural, since tiie 
irue indue.tivf^ (‘Inuaeter of the argument still persists. 
Thme is nn nuLwai’d similarity to the deductive fonii, 
but also an underlying substantiai difference^ — 

’oelongs to eacli individual belongs to the 
wliole class. 

Attvardiug ir^.m belongs to this, that, and tlie other 
magnet. 

Atlracting iron belongs to all magnets. 

The following example given by AVbately shows how 
l n(liietion ean lie forced into the Deductive form 

Wlratever belongs to the individuals we have 
exaiained, belongs (certainly or probably as 
the case may be) to the class under whicli 
they came. 

Sh6‘ep, Ox, De^er, are found to ruminate, wliile they 
belong to the class of animals deficient in 
the upper cutting teeth. 

All sudi animals are ruminant. 

Tlie nil natural and uncouth form of such arguments 
is' obvious., : 'Whately argued that — .. . 

All Reasoning is Syllogistic. 

Imluctiun is a form of Reasoning. 

Induction is Syllogistic. 

Induction is Deductive. 

‘ tin this point read Karlslake, Aids to the Stiirhj oj' Loylc, 
(ixforti, iSol. pp. 92 if- According to Aldrieh, Induction is a 
Syllop.isni in the first mood of the first iiednctive figure, of which 
the Alinor is suppres.sed. ■ . ^ 
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which science requires. To fulfil that purpose it^ must 
show that there is a law of connexion between M and Ih 

Strictly speaking, the Inductivad Syllogisui, tliough 
valid in the above sense violates the 8\-llogi.stie ruh^s,^ 
since, in the minor premise, the copula is not are ’ but 
“constitute” or “make up” (which is the real meaning 
of “are” hare). While each of the instances in the 
major premise is P, those of the minor pi-einise t*on- 
stitute M all together. In this sense, then, M is used 
(mllectively in the minor premise and distribntiwdy in 
the conclusion; hence the conclusion ‘All M is V 
cannot be valid. It is only valid if the emnneration is 
complete ; thus : — 

Valid. : Invalid. 

S,, Sa, Sa are P. ! S,. S,, Sa are P 

Si, S3, S3 alone are M. ; Si, S3, Ss arc all M. 

:. All M is P. All M is P. 

The valid form of the Inductive Syllogism, as given 
above, may also serve as a symbolical expression of 
‘‘ Perfect Induction ” ; and we may also note in passing 
that it is just the inverted form of the Pednetive 
Syllogism : — 

Perfect Induction: an Inductive Deductive Si/llogintn. 

Syllogism-. 

Spring, Summer, Autumn and The four seasons make up a 
Winter make up a year. year. 

Spring, Summer, Autumn and Spring, Summer, Autumn and 
Winter are the four seasons. Winter are the four seasons. 

The four seasons make up a Spring, Summer, Autumn and 
year- Winter make up a year. 

So, too, the principle of Perfect Induction is just the 
reverse of the Dictum de omni et nuUo, and may be 
stated as : “ What is affirmed (or denied) of all the 

^ “ This argument violates the rules of the syllogism, and yet it 
is perfectly valid. The reason of this is that the rules of 
syllogism are not designed to meet the case of a quantified predicate 
such as we have in the second proposition.” — Stock, Logic, p. 1 42 . 
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logical parts, rnaj Ije affirmed (or denied) of the logical 
whole ’ : or " Wliat, is true of each is true of all 
o. Reduction of Inductive Syllogism to Deductive 
form.— ,vtt.eiupls have been made to e.xhibit the Induc- 
tno Syllogism mto the Deductive form, but the trans- 
lormatioii scem.s to be more or less unnatural, since the 
imc inductive character of the argument still jiersists. 

1 here as an outward similarity to the ''deductive form, 
bni. also an underlying substantial difference’— 

Whatever belongs to ea.eh individual belongs to tlie 
whole class. 

Attracting iron belongs to this, that, and the other 
magnet. 

Attracting iron belongs to all magnets. 

The following example given by Whately shows how 
iiK-luction cai) be iorced into the Deductive form: — 

W-liatever ljeiong.s to the individuals we have 
examined, belongs (certainly or probably as 
the case may be) to the class under which 
they came. 

Sheep, Ox, Deer, are found to ruminate, while they 
belong to the class of animals deficient in 
the upper cutting teeth. 

.'. All such animals are ruminant. 

11 he unnatural and uncouth form of such arguments 
is obvious. Wliately argued tliat — 

All Reasoning is Syllogistic. 

Iiuluction is a form of Reasoning. 

Induction is Syllogistic. 

.-. Induction is Deductive. 

Karlslake, Aida to the Study of Look- 
Oxford, IHol pp. 92 ff- According to Aldrich, Induction is .-i 
in the first mood of the first Reductive figni'e. of which 
the Minor is suppressed, . > 
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But, as a matter of fact, the Syllogisiu is not iuentica! 
with iJeductiou. Besides, to say that all B.easoriing 
is Syllogistic is to say nothing: it is mere tuut.ologv 
like ‘All reasoning is reasoning Thus, we held iIkU all 
attempts to force Induction into the l)eduetiv(." iorni ara 
ll)Ound to he futile. While it is true that hulueti<ai and 
Deduction are only two aspects- of the Inferential pi'oeess 
■ we must also observe, while admitting tlunr distincti«>ii. 
f that the principle of Induction is precisely the in verst* 

^ of that of Deduction. 

6. The Method of Induction. — llie analysis and in- 
p*/estigatioii of phenomena is conducted hy the method 
\ of Induction, which involves the following steps : — 

(i) Perception of connexion between phenomena in 
some particular ease or cases. 

(ii) Formation of a Hypothesis as suggested l)y such 
observation. 

(Hi) Deduction of the consequences of this Hypothesis. 

(iv) Testing of these consequences with reference to 
a careful study of phenomena, and the exact 
formulation of the hypothesis, which, after 
verification, is accorded the dignity of a 
theory or law. 

DeMorgan describes this Method as follows : — 

“ Modern discoveries have not been made by large collee- 
- tions of facts with subsequent discussion, separation, and 
resulting deduction of a truth thus rendered perceptible. 
A few facts have suggested an hypothesis, which means 
a siipposition pi'oper to explain them. The neeessar}' 
results of this supposition are worked out, and then, and 
not till then, other facts are examined to see if tlxese 
ulterior results are found in nature. The trial of the 
hypothesis is the special object ; prior to whicli hypotheses 
must have been started, not by . rule, but by that 
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sagacity cf which no description can be given, precisely 
because the very owners of it do not act under laws 
peree[>t,ih]e to themselves, Tlie inventor of hypotheses, 
if pressetl to explain liis method, must answer, as did 
Zerah (‘olhurii, when asked for his mode of instantane- 
ous cahuiiaiion. When the poor boy had been bothered 
foi* s<mn^ time in this manner, he cried out in a huff, 

■ God put it into uiv head, and I can’t put it into yours.’ 
Wrong hypotheses, rightly worked from, liave produced 
more useful results than ungiiided observation.”^ 

7. Bacon's Pure Inductive Method. — Racon and his 
followers adopted, in coudncting their investigation of 
Xatiu'c, a metlunl known as the Pure Inductive Method, 
ft was a. reaction against the authority of dogma in tlie 
tlays of Scliolasticism. The tendency to allow facts to 
speak for tliemselves served as the origin of tliis method, 
which aims at strict Fidelity to Fact by avoiding 
Hypothesis altogtg,her. Creighton describes this method 
rlius : — Knowledge, then, must begin with observation 
of partienlar facts ; and only after we have made a great 
number of ]>artieular observations, and have carefully 
(classified and arranged them, taking account of all the 
negative eases, are we able to discover in them the 
general law. No hypotheses or guesses are to be made ; 
but we must wait until the tabulations of the particular 
phenomena reveal the general ' form ’ or principle which 
belongs to them all It is a laborious method by 
whicli we keep on compiling statistics till the general 
' form ’ is revealed by itself. We are not rerpiired to 
fra-m(3 any liypothesis, in order to remain strictly witliin 
the arena of facts. 

But this (comparatively primitive notion is rejected by 
Utf. U^tlgei n f Pav'i{hu*eH, Xi, 

'W.rei^hton, d/i [nirodueiorg Logic. Now York, 1909, p. 29. 
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modern logicians. Hypothesis is now held as an 
r absolutely necessary accessory to Induction. lidelit}' 
to facts, though good in itself, is not everything. Hit 
mind cannot collect facts methodically unless it al.'^o 
; selects them.... It is not enough to be laithful to 
" fact. Science must be faithful to ifn oicii facts, t.o the 
facts v^lcvciiit to its own ideas. VI hat Induction nttil.^ 
as its guiding principle is not a vagne Fidelity to Jum.-t, 
hut Fidelity to Eelevant Fact.' Thus, according to the 
modern conception of Induction, mere empirical collec- 
tion of facts is not enougli : tlie mind must know (he 
purpose for which the collection is made. Hence the 
use of Hy;pothesis is indispensahle. It is Hypothesis 
which gives meaning to lact. Eacous Eure lndueti\e 
Method is, therefore, not suitable for the progress of 
science, and is incompatible with the most model n 
conception of Induction, which makes Hypothesis a most 
indispensable step in the inductive process. i 


SU.MMAltY. 


j All syllogistic reasoning is based on the assumption 
jof the formal truth of the major premise. The Problem 
of Induction is to inquire how we arrive at the major 
1 premiss ; in other words, to find out the grounds of 
generalisation. Experience can give us knowledge of 
the particular only. How, then, do we derive from it 
universal principles ; how do we generalise from concrete 
facts ? That constitutes the Problem of Induction. 

Induction is the most adequate and necessary in- 
strument of Science, which aims at the establishment 
of universal laws. For that reason, Inductive Logie 
has also been called the Logic of Science. 

‘ W. B. B. G-ibson, The PrnhUm, of Lnfir, Londou. 1908, 
* ip. 314. . ' 
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Fu Aristotle Induction signified the establishing of a 
general proposition by showing that it is true in each 
particular cjise. Tlie doctrine of Induction, though not 
unknown t<.) the ancient Greek or the mediteval 
stthniastic logicians, has been elaborated only in modern 
times, lioger ]^>acoi), and three centuries later Francis 
Facon, laid the foundations of the Inductive Method, but 
tlie ilGctriue di<] not receive very great impetus till the 
nppe:ira.nee of vS. Milb who held all inference to be 
iuductix'e, reasoning from particulars to particulars, 
iVom the known to the unknown. 

Induction is most intimately related to Deduction : 
in fact, they are tw<^ of the inferential process. 

Induction by itself is never complete witliout deduction; 
while deduction starts with the generalisation which can 
only be readied through induction. But a useful dis- 
tinction could be drawn between these two aspects, if we 
<|n nut lose sight of their essential relation. (See p. 8). 

Aristotle liad attempted to bring Induction in the 
form of a syllogism, and defined Inductive Syllogism as 
a,n argument that proves the major term of the middle 
by means of the minor, thus — 

Sj, Sj, Sg. {7ninor) are S (^ynajor), 

S,, Sg, Sg, alone are M {middle), . 

/. All M is P, 

If we substitute “are aiU’ in place of “alone are.” 
the syllogism becomes inadmissible. The Inductive 
Syllogism in the form given above is the inverse of the 
Deductive Syllogism. Its transformation into the 
deductive form is unnatural, since the inductive 
(diaracter survives the mere outward change. 

The method of Induction comprises the following 
Steps: — (1) Observation of connexion between pheno- 
mena,* (2) Fo^nation of hypothesis, (3) Testing the 
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hypothesis, (4) Verification and Explanation. Bacon’s 
Pure Inductive Method proposed to eliminate Hypothesis 
altogether and to discover the general form hv a 
methodical study of facts tliermselves. But relevancy is 
very essential to science ; a mere collection of facts is 
useless; hence the use of hypothesis cannot luit he 
admitted as absolutely necessary, consequently Bacons 
Method must be rejected as unsound and erroneous. 


Questions xVnd Exercises. 


1. Distinguish between formal {ind taaierial tnU.in 
Which of the two is aimed at in Induction ! 

2. State the general problem of hidnetiom 

3. Why has Inductive Logic ])een called th(‘ Logic of 
Science ” ^ 

4. Give Aristotle’s definition of Induction. Was the 
problem of induction discussed at any length hy formal 
logicians 1 

5* Discuss the relation between Induction and Deduction. 

6. In what sense is the inductive process opposed to the 
deductive^ 

7. “ Induction is always a syllogism Is this a true analysis 
of the process of inductive reasoning? 

8. ‘‘Induction proceeds from facts to reasons; Deduction 
from conditions to consequences, ” Explain this statement. 

9. “Induction is a hypothetical deduction.” How far 
does this statement explain the relation between Induction 
and Deduction? 

10. Indicate very briefly how^ Induction is never complete 
without Deduction, and how Deduction is based on Induction. 

11. Explain : — “ In the actual conduct of scientific inquiry 
there is a constant alternation of the processes of induction 
and deduction.” 

12. Critically examine the following observations :~ 

(t), “Induction is really the inverse process of 
, Deduction,” 

(it) “Induction and Deduction are continuous 
■'I'l! operations/' 
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{//¥) ‘‘The Third is distinctively the Inductive 
figwel , 

l;h WHint is (‘oiunion to the inductive and deductive 
prtX'.esses of )*easoning'? In what do they differ '] 

Tk C'Oinpfire and discuss the views of Mill and Jcvons 
i-{‘garding the nature ()f indnction. 

15. Critieisf.‘ the attempts to state inductive reasoning 
sy 11 ugi St i call ly I 

Id. PoiiUi out tlic futility of Whately’s attempt to force 
luduetion into the Deduction form. 

17. Analyse the general Method of Induction, and set 
down the- va,rious stages in the inductive process. 

18, Chara,et<u*ise BaiiTs Pure Inductive Method and point 
« > i it its e h i < ‘ f t Ira wl laeks. 

Ih. CVitieally consider the various views that have been 
advaiKuMl respecting the logical form of Induction. 

What is true of each is true of all.^’ Estimate the 
value of this principle, e 



CHAPTER II 

'M^ERFECT ” AND ^‘imperfect” INDrcTloN 

1. Perfect Induction. — An Induction is Perfect” ^ 
when till the instances covered hr a rule have been 
examined and found true. This form of Induction 
exhausts all tlie possilde eases, and therefore depends on a 
compute mmuraiiovi. Thus, if there ai’e 100 students 
in my class, and none of them is able to answer a few 
simple questions in Geography, I am led to assert that 
my class is ignorant of Geography. Again, when I see 
that each of the twelve montlis of tlie year contains 
more than 27 and less than J:)2 days, I may at once 
assert that all^ the months contain more than 27 and 
less than 32 days. Here the enumeration is complete^ as 
all the possible instances have been examined before 
framing the rule. 

Many modern logicians question the right of 
■‘Perfect” Induction to be classed as inference at all, 
since the conclusion, instead of being more general than 
the premises, merely sums up what is already stated in 
them. They look upon it as Induction ivhfrojperly so-called 
j or apparent Induction. Others,^ however, hold that. 
I the true road to certainty lies in complete enumeration. 

^ “ Perfect ” Induction is the only ‘formally valid’ Induction, 
according to Aristotle, while according to Mill it has no right to 
be classed under Induction at all, since it fails to lead us on to the 
unknown. 

e g, Jevons. cf. his Princi'plm of Sdence, 2nd ed. I. pp. 146 -IS 
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2. Imperfect Induction. — This type of Induction 

i'ei[uires the exaininatioii of a few instances only. It 
?-ests on the assuniption of similarity lietweeii tlie 
t^xaniined and the unexamined eases.’’ Sometimes even 
a single (‘ase is enough to form the imsis of sueli 
Induction. By an acute analysis we understand its 
isssential natane ami are le<l to assume similarity in like , 
taises hy us. The superiority of the 

"Imperfect’’ over the Perfect” type of Induction lies 
in the fact t.hat by the discovery of an iinier connection 
between plienomena or the instances examined it does 
HAvay with the necessity of examining all possible cases. 

I mpex'feel- Induction may he subdivided into (7) 
Induction by Siniple Examination {Imluctio pr 
shnplicera enumemtionem) and (u) Scientific Induction. 

3. Induction by Simple Enumeration. — This kind 
of induction consists in establishing a universal truth on 
the ground of mar enumeration of instances, without 
any attempt to explain any causal connexion. "VVe 
examine several cases, and finding that none of these 
contradicts our hypothesis, we argue that what is truei 
of these instances is also true universally. For example, ’ 
I go to inspect a school, and put a few questions to 
some students indiscriminately : if the first four students 
answer correct-ly, I expect the fifth also to give me the 
correct answer. I infer that all boys of that class are 
smart and intelligent. In the case of Perfect Induction, 
it was necessary to fpiestion each boy before drawing 

‘ Imx^erfect Induction merely unfolds the information 
contained in past observation or events; it merely rencleis 
explicit what was implicit in previous experience. It transmui^^s 
knowledge, but certainly does not create knowledge” P 

168 /f.). “In inductive, just as in deductive reasoning, the 
conclusion never passes beyond the pi’emisses.” (ih'nl I. 251). 
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any conclusion' about tlie whole class : it I’equired 
{miplete emimeration. But Induction l:>y Eimiuer-- 

ation differs from that by Compldr Enumeration 
(‘‘Perfect’') in that its conclusion is not a mere 
■compendious statement of its pi‘eniisses Imt, is more 
i general, referring to more than what, is covered ]>y the 
V instances actually examined. Moreover, we make no 
attempt to show that the conclusion we hav(- <lrawn 
from the instances examined is the only one which tht^ 
facts in question allow; if we do so, it ].jecoin(‘s 
Scientific Induction, of which we shall B]>eak j)reseiitly. 

How do we arrive at the conelnsion that PAll men 
are mortal”? Only by 'dmple nvnmcratimL Tim 
conclusion cannot be arrived at by Perfect Induction, 
since in this case complete cnmnemMon is out of the 
question. We know some men who died and those who 
are dying ; and finding that our experience is not 
contradicted in these instances, we rise to the conclusion 
\X\dAj ^ all meid (past, present and future) are ‘mortal.' 
Similarly, we meet a few Erenchmen, find them very 
hospitable and amiable, and we infer that ‘ All F renc-h- 
men are hospitable and amiable.’ The leap, froni 
' some \ to ' alV is based on our faith in the Uniformity 
of Nature, inAhe existence of imiv’^ersal relatibns and 
interconnexions in Nature. The following are the steps 
usually taken in establishing a universal trutli by 
inductio pel' simplicem ennmeratioiienf : — 

(i) We observe that a few instances, Hz, a, b, r, d, 
possess a common characteristic a*. 

[a) Blit the instances in question belong to the 
class . Z ; , therefore, perhaps all instances 
belonging to the class Z possess the charac- 
teristic 
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(tlij We may verify this generalisation by applying 
it to otlier instances, a\ V, d , cl! ^ , 
wine!) also belong to the class Z. 

We do not atteiu]^t at any complete ennnieratioii of 
eases but examine only a few instances and infer a- 
certain general truth on the strength of were enumera- 
tion. It is olndous that there is always the possibilit}’ 
of an incomplete elimination in this method, hence the/ 
etmelusion is not absolutely certain hnt onl}' 

Its ])rineiple is tliat what is to be will be like 

what has been in similar circumstances. Put if the 
lunnber of i)istanees examined is large enough, the 
unessential elements are more easily eliminated and tlu^ 
(thanees of erroi' reduced.^' 

Induction by Simple Enumeration which proceeds hy 
merely citing instances, is”, according to Bacon, a 
(diildish atiaii*. and being without any certain principle 
of inference it may be overthrown by a contradictory 
instance. Moreover, it usually draws the conclusiou 
from too small a number of instances, taking account 
only of those that are obvious”.'^ It is called “a 

‘‘'Nature is to like juv infinite bnllot-box, the contents of 
which are heiuir continually drawn, ball after ball, and exhibited 
to us. Science is but the careful observation of the succession in 
which balls of various character usually present themselves ; we 
register the coinbinatiof«s, notice those which seem to be excluded 
from occuTTcnee. and from the proportional frequency of those 
which usually -‘4j>iear we infer the probable character of future 
<irawin^^” Jevons, I hid, I, 169 ; also cf. I, 292 ft. 

On the counting of instances is based the ^statistical Method 
usually applied to sociological problems these days. Prof. 
E. W. Bcripture (cf. The New Paycholegy, pp. 16 ff.) gives the 
following rules of this method : — (1) The Phenomenon to b(‘ 
c* muted must be a countable fact that can, serve as a unit., <21 All 
things which are to be counted shall correspond completely and 
exactly to the stated definition of the counted object, and nothing 
that does so correspond slmll he omitted. . 

^ N^ivmn Oraamm. Bk, I, aph. cv. 
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childish thing” (m puerilis), because it merely 
assumes a uniforai interconnexion of two phenomena, 
without attempting to analyse them as parts of a 
^coherent system, but until that is done we have merely 
! empirical knowledge of a certain fact but no adequate 
-.explanation. It is Scientific Induction which under- 
[takes to carry on this deeper analysis in the searcli after 
Itrue explanation. Hence the fundamental limitation of 
this type of Induction is that it fails to establish any 
causal connexion between phenomena but only states 
a fact of uniform connexion.^ Enumeration is, however, 
not entirely useless. It is always the starting-point of 
i/ an inductive inquiry and is of great help in tine first 
stages of induction. 

4. Scientific Induction. — A conclusion arrived al- by 
siynpk enmieration can never be perfectly certain, unless 
^we further attempt to establish a causal connexion ; and 
when that is done, we have Scientific Induction. Mere 
j enumeration may give iis an idea of superficial connexion 
? between things, hence its value is not much after all : 
but in Scientific lucluetion, whicli is the highest form 
of “Imperfect” Induction, we seek after some real 
connexion. It goes beyond factual relation establishes! 
on the strength of mere enumeration, and aims at 
establishing a universal law whose validity may be 
independent of the citation of instances. Thus, if we 
know that certain men died, we may attempt to under- 
stand the reason* why as men they died. If we under- 
stand attributes of humanity, 

we may at once state with confidence that ' All men are 

n/ * cf. '" It can do no more than verify a ‘ that It camiot 
verify a how \ Given the observed fact that p, q are, in a ct^rtain 
number of cases, accompanied by 'jh, the induction at best can only 
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mortal The eertairity of this proposition follows more 
from establishing a causal relation between ‘ humanity 
and ‘ mortality ’ than from the factual relation based 
on the simple enumeration of one or more cases.' 
Scdentific Induction, tlierefore, claims to give ns ‘ certain 
knowledge. Only one case, if thoroughly analysed, is 
suflicient to warrant the truth of a universal proposition, 
'rme scien title e.xplanation, which is based on th 
discovery of the laws of causal connexion, is only 
possible^ through this type of Induction. While 
Induction by Sim])le Enumeration inerely states a fact 
of uniform connexion but fails to deal with apparent 
r,i‘ception!< to a generalisation, Seientitie Induction over- 
comes the dilliculty by attempting by a thoroughgoing 
analysis to establish a universal law of causal eomiexioiu 
This brings out the proper function of Scientific 
Induction: it is to cxphiin. the 
that of phenomena. 

-yT’he essential steps in Scientific Induction are ; — 
I’reliniinarv observati<.in of facts. 


(0 


(ii) Supposition as to their cause. 

(Hi) \'erification of the hypothesis. 

(ic) Explanation of the law. 

(/d Ap])lication of the established law. 

The remaining types of Induction are discussed ni 
the following Chapter, where a complete scheme of 
Induction is outlined. 

* ■ riie name Scientific Iniiviutioii is something of a contradiction 
in terms. Induction « to mean the treatment of instances. 

Scientific analysis as such, however, does not deal with 
but only with contents. When we speak of a scientific treatment 
<vf inatances, we mean a precise determination and skilful resolu- 
tion pf their contents.’ 



SUMMARY 


An induction is said to be “Perfect" when till (lu- 
instances coming under the siqiposed rule huve heen 
examined and found to be truly cases of if. It ri-<|uires 
cow.pkte emimcmtion ot the inslnnees covered by a ladc. 
According to Aristotle, Perfect Induction is the cudy 
“formally valid” induction ; while aceonling to Mill this 
process is merely a shorthand n'gistration of fads laiown 
1 and cannot be called induction. It is not an infereni’c 
I from facts known to facts unknown but nierelv the 
1 summing up of known facts. 

An induction is said to be “ Imj)erfect ” when onlv a 
few instances are examined. It re.sl.s on tin' ussiimiJtion 
bet ween, the examined and the unexaniincd 

cases. 

There are two principal kinds of Imperfect Induction. 
[i) Induction by Simple Pliinrneration and {ii) Scientilic 
Induction. 

Induction by Simple Ennmeration consists in estni)- 
lishing a universal truth on the ground oi men: nivwirn- 
fion of instances, without any attempt at causal 
explanation, It differs from Perfect Induction (based 
on complete enumeration) in that its conclusion is iiol 
a mere summing up of the known facts but is mneh 
more general. This type of induction is based on the 
principle that the future will pvohcihh/ resemble the 
^ past. Thus not eciiahiii;. 

It can only state a fact of uniform coum'xion hut eanuot 
establish any causal connexion. It merely explains the 
that- and not the ‘how’ of phenomena. 

Scientific Induction, undertakes to discover principles 
of universal connexion througli the analysis and com- 
parison of instances. Sometimes even a single instance 
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is eriongli to establish a causal relation ; all depends on 
ihe coiapletoiiess and adequacy of our analysis. The 
proper function of Scientifie Iiidiietion is to explain 
the Miovr juid not merely the ' that ’ of phenomena. 
The stuteinent nf the fact of a uniform connexion is not 
miough for ]mrposes of science. That connexion itself 
must 1 h* ex pi ai tied. 

AND ExEKCISKS 

1. Distinguish between Perfect and Imperfect In- 
tluction, and consider the value of the distinction. 

2. What etheacy was attributed to induction by 
<'omplete enumeration ('‘ Perfect Induelion ”)by Aristotle? 

3. State very brielly IMilTs criticism of “ Perfect 
Induction 

4. How far and in what sense is it true to sp)eak of 
the superiority of “Imperfect” over “Perfect” 
iuduciiou ? 

o. Discuss the relative w’orth of Induction by Simple 
Enumeration and Iiniuctioii by Complete Enumeration. 

0. State the chief limitations of Inductio 'per 

Kii amvrationein Simplicem. 

7. Explain the distinction between Induction by 
Enumeration and Induction ])y analysis. 

8. Wherein lies the essential value of Scientific. 
Induction ? 

v/t). What is the aim of Scientifie Induction and how 
does it seek to I'calise it? 

10, Explain and discuss the doctrine that induction is 
based upon the theory of probability. 



CHAPTEU III 


MnJ.8 iXDCICTlVE SCHEME 

1. Scheme of Inductive Inferences. — In Book III of 
liis Sifiyff'm- of Lof/ir Mill gives a detailed account of 
luduetive Inferences. He first distinguishes Inductions 
l>i*<.>perly so called” from “ Inductions improperly so called. ’ 
Tnless there is an inference, Le,, unless we proceed from 
the known to the unknown, tliere is no induction. i 
Hence all those processes in which this characteristic is 
wanting are to be put aside. Mill mentions three of 
these, viz. (1) Perfect Induction (2) Parity of Keasoning, 
and (3) Colligation of Facts. All these are types of 
Inductions improperly so called. Under the head of 
Inductions properly so called, Mill reckons two types, 
riz. (1) Imperfect Inductions, and (2) Scientific Induc- 
tion. The former has again two forms ; (i) Imperfect 
Enumeration, and (ii) Analogy. The complete scheme 
may be drawn up as follows : — 

Inductions. 


Improperly so Cidled. 


Properly so called. 


Perfect Induction. Parity of ("olligation 
Keasoning. of Facts .___ 


imperfect inductions. Scientific Induction. 


Imperfect Enumeration. 


Analogy, 
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Under the head 'Inductions improperly so ealleir 
Mill puts the three processes which cannot be called 
[nduction in the true sense, ludiictiou is generalisation 
from experience. It “consists in drawing inferences 
from known cases to unknown ...“ in inferilng from 
some individual instances in which a phenomenon is 
observed to occur, that it occurs in all instances of a 
certain class; namely, in all which, ■ri'scuibh' the former, 
in what are regarded as the mateiial eircumstanees.'’ 
All those processes, therefore, in which tliere is no pro- 
gress to facts iniknown or in whicli the general truth 
obtained is not believed on tlie evidence of particular 
instances, are not to be given the title of hiductiom \\v 
might then consider the three types put by Mill undei' 
the head ' Inductions improperly so called.’ 

2. Perfect Induction. — This lias already been <les- 
cribed as that process in which we infer a general 
proposition after examining all the individuals that go to 
form the class. For instance : tliere are ten teacliers on 
the staff of a school ; we find tha.t each lias a faulty 
pronunciation, and infer that tlie school fails to teaeli 
correct pronunciation. Again, if a family consists of live 
girls and three boys, and none of tliem is married, we 
infer that all members of that family are unmarried, 

(According to Mill, the characteristic quality of Induction 
{is wanting in such inferences; since there is no transition 
ll’roin the known to the unknown. It is nothing more 
than ' a mere shorthand registration of facts known ' 
and cannot be called induction in any sense of the word. 

3. Parity of Reasoning.— This is another type of 
reasoning, used in Mathematics, whicli hears a certain 
resemblance to induction hut lacks in its cliaracteristic 
quality. For instance, we examine a particular triangle 
ABO and find that the sum of its two angles is greater 
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t.haiT. the third angle : then we assert the same of all 
irlanijh'^. I'ln^ generaiisation in this ease is not based 
oil the iKiriicular fact about the triangle A B (J but on the 
,s 7 ///o’ which ('onvinced us of this truth in the case 

of A ]> ^ t I'his ])rocess is known as ‘ Induction by Parity 
of Ihuisoning’. Mill puts it aside as an ajqmrnit in-' 
diuftion for the simple reason that even though we arrive 
at a univrn'sal eoneliision, we examine only one instance, 
and the trutli of the conclusion is not grounded in the 
twidem-e of the ])articular instance but in the reason 
which guided us to the discovery of the trutli in that 
one case. Parity of Peasoning is, therefore, not essentially 
different from identity of .Keasoniiig, which does not 
involve any transition from the known to the unknown 
facts. The diherenee l>etween Induction and Mathe- 
matical Peasoning rests on the character of the evidence.^ 
Ill Induction, we exaiuiiie x, y, z, etc., and discover a 
eommon property of each, but our knowledge of the 
iinexamined individuals is not such as to enable us to 
say tliat they nufst have this property. But in Mathe- 
matical 'Peasoning our laiowledge of the common 
property of x, y, z, etc rests on definition and demonstra- 
tion, not on any inductive leap. In the foiuner, the evid- 
ence is a j'^osliiriori, in the latter a iwiovL < t' 

To sum up : Mill would not allow certain mathematical 
generalisations — in which we argue by iniriiy of reason- 
ing — to lie classed as Inductions IToper. In them 

ihe characteristic quality of Induction is wanting, 
since the truth obtained, though really general, is not 
believed on the evidence of particular instances” 
(Mill)./ /'// 

4. Colligation of Facts.— This term, originally used 
hy Whewell, means ‘ the a number of 

^ cf, Croke. Lotjlv, London. 1906, pp. 246 if. 
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facts actually observed under a general desciiption : 
e.g,, we gradually discover an island to be an island by 
sailing all round it. Kepler’s discovery of tlie orbit 
Mars furnishes another typical example. He could not 
possibly observe its progress continuously, so he noted 
down a number of observations on its successive ]>usi- 
lions and guessed that the line joining these points 
would make an ellipse. 

Whewell maintains, while Mill denies, that Colligation 
is Induction. 

MiUU View : — Colligatio!i of facts is a mere description 
of a set of o])served phenoniena, and must not l.)e con- 
founded with Induction. It may be looked upon as a 
process subsidiary to Induction but not identical with it.. 
Whewell is “mistaken in setting up this kind of opera- 
tion, which according to the old and received meaning 
of the term is not induction at all, as the type of Induc- 
tion generally ; and laying down throughout his work, 
as principles of Induction, the principles of mere colliga- 
tion ’b The scientific stiidy of facts may be imdeitake!i 
for three different purposes, viz,, {i) theij’ simple descrip- 
tion, (n) their explanation, {Hi) their prediction — i.e., tlie 
determination of the conditions under which similar 
facts may be expected again to occur. According to Mill, 
only the first of these three operations may be called 
Colligaiwn, but it is not Induction : the name Induction 
properly belongs to the other two operatiorrs. 

Wkewell's Defence Colligation is more than a mej'e 
summation of facts, since it introduces a principle of 
connexion, which is to be <lerived fi*om the mind and 
not from the facts as such. Kepler s statement about 
the elliptical orbit of Mais ‘ was not the sum of the 
observations merely : it was the sum of the observations 
, seen under a mw point of vie/w, which point of view 
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Ivepiefs niliui supplied Had it been a mere summary 
of facts, it could have been arrived at by adding toge the i* 
ihe different observations. 

Orificisin : — Kuth views contain partial truth. Colliga- 
tion is certainly more than a mere summary of facts : 
so far Wheweli is right. But, at the same time, Mill is 
.right in disallowing it the title of induction. It is 
indeed a genmulisation, but not yet verified or uiiiver- 
salised. Induction involves not only colligation but/ 
also an appropriate test of proof. Tims, Colligation is ono 
the stages in the process of Induction. Every 
induction (amid ho viewed as a colligation of faets but 
every colligation o! /a ct% is not an induction. Induction: 
aims at causal explanation, while colligation does not go ,( 
l>eyond describing a set of observed phenomena in general , 
terms. Colligation cannot, therefore, he identified with 
Induction. 

D. Induction Proper. — Now we come to the second 
main head, viz,y Inductions properly so called, under 
which Mill places (1) Imperfect Inductions and (2) 
Scientific Induction. The latter has already been con- 
sidered in the last Cliapter. The former has two forms. 
Imperfect Enumeration, which is the same as Induc- 
tion by Simple Enumeration, also discussed above, and 
(/)) Analogy, which we now proceed to explain. 

6. Analogy. — Argument from Aiial<.)gy original!}' 
meant (in Aristotle), ' ayp eipiality or^ identity of ratios . 

^ Thus, if we infer from the relation a: i: : c: d that what 
is true of the relation between a a.ndh will also be true ot 
that between c and d, we are said to argue from analogy : 

g , — As the parents are to their children, so is the 
(rOYernment to its subjects ; hence, as children must obey 
their parents, the subjects must also obey their Govern- 
ment So we may argue— 
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As flame : fuel : : light : flame. 

As the flame dies out with the fuel, so docw the light^ 
with the flame. (Stock). 

But the modern sense of tlie term is ' an inferen(;t‘ 
l)ased on resemblance or similarity between two things ', 
'fhe form of the argument is — 

Two things A and B resemble in one or more ]>ro],)erties. 


B possesses a certain other property 1\ 

A also possesses the property P. 

In other words, if two things resemble each other in 
several respects, they will also resemble in one point 
more.’ We do not count instances here, but we analyse * 
the character and weigh the properties of the particular 
instances observed. We know that him:e identities or ; 
bare differences are mere abstractions ; and that when 
we compare any two objects they can never be completely 
identical or totally diflerent. There must be resemblances 
as well as differences — and Analogy picks out the points 
of resemblance. Its value, therefore, rests on the irnpoi’t-i 
aiice of the resemblances, and it is necessary tliat such 
resemblances should be essenf/iaL Thus we use the 
Analogical argument when, for instance, we say : The 
Earth and Mars resemble in several important respects, 
r.g,, ill atmospheric and temperature conditions ; therefore, 
they will also resemble in another respect, viz., habit- 
ability, i.e., as the Earth is inhabited, Mars should also 
be inhabited. 

Mill rightly insists on the Importance, of we^ 
rather than counting the points of resemblance between 
any two objects. He says — 

“ Since the value of an analogical argument, inferring 

^ Analogy is ' ' resembl anc e of r elations (Whately) ; it is the 
similarity of ration or rffiSons ’’ (Thomsonb 
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one reheinl>1anee from oilier resemLlances without any 
aiiteetHlmil tevidenee of a eoiuiexion between theam 
depends on the extent of ascertained resemblance, compared 
tirst with the anetunt of ascertained difference, and next 
with tht‘ exVonl of iho unexplored region of uiiascertained 
pn)pmlit\s : it h)ll<ovs that . . . if after much observation 
j.)f ip we iind thut it agrees with A in nine out of ten 
of its known properties, we may conclude with a pro- 
bability of nine to one that it will ]) 0 ssess any given 
derivative ]>roperly of 

number of resemblances is not so important 
as the reasons whieli lea.d us to connect the resend dances 
with the ])i'optu*ly in question. Without such reasons 
Analogy is no l.tetter than guess-work. Its cogency 
<lepends on our a-bility to show that the firndmnmiivht 
rdafionu. the circumstance common to the two cases, is 
the material circumstance, and that on it depend the 
rest of the circumstances.'' Analogy cannot be a conclusive 
argument unless veritied by scientific Experiment. It is 
\\o% proof \ many conclusions are verified but many are also 
rejected as false/'’ by itself it can only yield 2 ^oohabilif//\ 
rather than cerfaiotp, unless a causal connexion can he 
established between the common qualities of the two ; 
objects compared. The Earth has, for instance, several; 
resemldances witli the Moon ; liut, as Mill shows, a single 
essential difference, viz., the absence of atmosphere in the 
moon, is enougli to set aside those resemblances, and 
we cannot, tlierefore, infer the habitability of the moon. 
When even oiie important difference is observed “ all 
the , resemblances whicli exist become presumptions 
against, not in favour of, the moon's being inhabited ” 

^ of. Milk d, %.s'/rm of Lofpe, Bk. HL ch. 20 sect. 3. 

* cf. C r<>k(j , op. cii. p. 249 noie^ 

® cf, Eotze, Loaik* sect 2 1 4, 



Inductioii 


1 . Principle ; What belongs 
to many individuals of a species 
probably belongs to all rhe rest 
of that class. 

2, Procedure by way of exten- 
sion. 


1. Principle ; If two things 
agree in many respects, they 
probably agree in some other 
respect as well. 

2 Procedure by viray of 
intension 


Op, cit. p, 301. 

Oiithic point refer to Bowen’s Logic, p. 381 ; also Croke’s 
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Tiidiiction 


Analoj^^y 


i\. Based on cciiiparisoii 
elimination and generalisation. 


3. Based on resemblance 
discovered by comparison. 

4. Reasoning from some 
in two to some more in two. 

5. We conclude from the' 
known agreement of two 
things in several qualities 
their agreement also in some 
other quality not directly 
known. 

(5. a and h agree in possess- 
ing the common qualities- 
p, q, r, etc. 

they also possess the 
further quality «. 

7. Explicitly we argue 
from Particular to Particular, 
but implicitly from Particular 
to Universal. 


4. Reasoning from 
tnv to one in all. 


i}. We conclude from many 
things to all others of the same 
species. 


C). Quality p e.vists in a, />, r 


/>, exists in the whole class 
constituted by a, h, e, etc. 


7. We argue from Particular 
to Universal. 


Thus, it is clear that Analogy cannot be identified with 
Induction. It is only one of the accessories of Induction ; 
and, although we speak of Inductive Inference by Analogy, 
we must carefully note its peculiarities and limitations. 
Many analogical arguments are usually couched in 
metaphorical language, and it is found that their 
uiisoundness is sometimes due to' the use of metaphor. 
While on the one hand/analogy is, as a rule, very con- 
vincing, it is, on the other hand, often misleading. We 
have cases of False Analogy,^ whenever we argue from 
certain resemblances to certain others, which are neither 
essential nor important. The following may be taken 
as typical examples ; — 

^ * The term False Analogy is applied only to those cases of 
analogical inference in which there exists no ground whatever for 
pxy analogy {plde Fowler, Inductive Logtc^ Ch. YI.) 
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(1) . On account of his exceptional bravery, Kanjit 

Singh was known as “ the Lion of the 
Punjab”. Therefore, he could also roar 

like the lion. _ 

(2) . Daisy and Stella resemble each other ni 

physical features. Daisy is an expert in 
cookery and needlework. Therefore, Stella 
is also a good cook and a good needlewoman. 

(3) . A and B resemble each other irr possessing 

skill in witchcraft. A is further addicted to 
opium-eating. Therefore B is also an opium- 
eater. 

(4) . A and B are logicians of great reputation. 

They resemble each other in possessing 
an extraordinary skill in dialectic disputation. 
But A never sleeps before midnight. There- 
fore B also never sleeps before midnight. 

(5) . States are, like individuals, subject to decay. 

(Mill says : “ Bodies politic die, but it is of 
disease or violent death ; they have no old 

age-”) 

(6) . A and B are millionaires. But A is a robber. 

Therefore B is also a robber. 

It is truly said, that ‘ analogy never walks on four legs.’ 
We must always note the essential points of resemblance, 
nz., those which constitute thB fu'iidamentum relationis. if 
a doctrine is accepted as true, sometimes people draw 
from it conclusions which have not the remotest con- 
nexion with it. All that leads to False Analogy. 

In its modern sense. Analogy is sometimes known as 
Example. An Example is ‘an argument which proves 
something to be true in a particular case from another 
particular case.’ Aristotle calls it “ oratorical induction , 
since it is so. frequently made use of by orators in order 
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to add to the effect of their speech. Analogy, however, 
may proceed from one class to another on the basis of 
reseiublaiiee, but Example always argues from one 
particular or individual case to another such case. 

SUMMARY 

A complete scheme of Inductive inferences may be 
(Iiuwn xip, after Mill, as foilow's : — 

1. Inductions so called : — 

(\) ]\)rfeet Iiiduction Consists in examining all 
posdhle cases before arriving at a generali- 
sation. Here there is no transition to the 
unknown cases, but only a summing up of 
all the known cases. Hence it is not Induc- 
tion in the true sense. Vide Ch. II suj^ra, 

(2) Parity of Eeasoning , — This is also an apparent 

induction, like the first. Although we arrive 
at a universal conclusion, we examine only 
mu instance, and the truth of the conclusion 
is grounded in the reason which guided us to 
the discovery of the truth in that one case. 
Mathematical reasoning, as a rule, proceeds 
by Parity of Eeasoning. 

(3) Colligation of Facts.— Like the other two, this 

is also a kind of Quasi-Induction. "Whewell 
maintains, while Mill denies, that it is Induc- 
tion. It is a generalisation, but not yet verified 
or universalised. Hence it cannot be identified 
with Induction. At the same time, it is not a 
mere summary of facts. It is one of the 
stages in the process of Induction. Every 
Induction involves Colligation, but every 
Colligation is not Induction.. 
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II. Inductions prope^iy so called, — 

( 1 ) Imperfect Inductions : rest on assumed similarity 

between the examined and the unexamiiied 
cases. Two forms , — 

(i) Induetio per enuinerationem simplicem, i,e. 
induction which rests on im^perfed enmneration. 
This kind of induction exhausts all known- 
cases (not all posBibU cases, as in Perfect ” 
induction) Vide Ch. II supra. 

(ii) Analogy. — Argument from Analogy assu- 
mes similarity between two things. It rests on 
the principle that if two things agree in many 
respects, they probably agree in some other 
respect as well. It is more important to 
weigh the points of resemblance than merely 
to count them. The conclusion from Analogy 
can only he probable, not certain. The fallacy 
of False Analogy arises when we suppose 
that resemblance in some points is an 
evidence of that in other points, when actually 
there is no connexion between the observed 
and the unobserved points, 

(2) Scientific Induction. — In Science it is 

generally impossible to examine all possible 
cases. Even a single case, thoroughly analysed, 
may reveal a causal relation. Scientific 
Induction is not satisfied with establishing 
a uniform connexion between phenomena, but 
proposes to enter into the how by seeking a 
causal relation between them. It is the 
highest form of Induction and is conducted by 
a thoroughgoing analysis of instances — some- 
times of a single instance. , 
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Questions and Exercises 

1. Sketch a complete scheme of Inductive Inferences. 

2. Xame and exemplify Inductions improperly so 
called. 

:L Define I’erfcct Induction. In what type of 

syllogism is it represented ? 

4. Examine the truth of the following statement — 
Pcrft^ct' induction is demonstrative and syllogistic; 
Imperfed. Induction is neither.’’ 

o. How does Geometrical reasoning differ from 
Induction ? Does it possess any resemblance to Induction ? 

6. What do you understand by the expression 
‘‘ Parity of reasoning ?” Give an example. 

7. Give WhewelUs account of ‘ Colligation of Pacts.’ 
Also state Mill’s criticism of Whewell. 

8. Is Colligation more than a description in general 
terms of a set of observed phenomena ? 

9. Would you identify Colligation with Induction 
or distinguish the two ? Give reasons for your answer. 

1 0. State the distinctive characteristic of Induction 
according to Mill, and name the forms of Quasi-Induction 
or Apparent Induction you know of: 

11. What is Argument from Analogy? How does 
it differ from Induction and how from metaphorical 
argument ? 

12. On what does the cogency of an argument from 
analogy depend ? 

13. Distinguish between Analogy and Induction. 

14. Give typical examples of Induction and Analogy. 

15. Is the analogical argument syllogistic? Giv^e 
'^e^soBS for your answer. 
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1 6. Examine the truth of the following statements 
(a) Induction is imperfect analogy. 

(h) Analogy is imperfect induction. 

(c) Analogy is incomplete explanation. 

17. If all analogical reasoning yields only prohabihty,^ 
is not one analogy as good as another for piuposes oi 
inference ? If not, upon what does its value, depeiul . 

18. Explain the fallacy of False Analogy. 

19 Discuss “ Analogy, the most valuable of in 

strumentsinthematuri^tyof jurispnidence 1^ the most 

dangerous of snares in its infancy (Maine). 

20. Criticise the following argument 1 here ire 
probably inhabitants in the moon, because there are 
inhabitants on the earth, in the sea and m the an. 


CHAPTER IV 


PIlESUPPOSmOKS OF INDUCTION- 

1. Grounds of Induction. — Induction, is based on 
generalisation. Unless we generalise on the evidence- 
of particular facts examined, there is no induction. ^ 
Hence the j'lustiti cation for generalisation furnishes the 
grounds of induction. Such justification lies in our 
Ijelief in reality as a systematic unity of inter-related 
parts. Nature is one vast organism, in which the func-1 
tions of each part are determined by the requirements of 
the Whole. If Nature were not a systematic unity the, J 
sun that rose yesterday and to-day may possibly not 
rise to-morrow ; men who walk on their legs to*day 
may begin to walk on their heads to-morrow ; fire that 
burns to-day may become cold henceforth ; stones that 
are vseen to fall down when thrown up may change 
their mood and begin to behave otherwise ; — in fact, 
there would then be no guarantee why the future 
should resemble the past ; no knowledge would be 
possible ; even life itself would become impossible. ' ■ 

We have, therefore, to assume that our experience is 
an organised ' whole, that Nature, is not an inchoate 
heap of jphenqmena but ; an . inter-related, and coherent 
totality. Hence the most general: .principle which lies 
at the root of all induction is that of Sufficient Reason , 
which postulates that reality is intelligible and can 
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therefore be explained (to a certain extent), 'There is 
no difference without its xmson/ ^ Eveiy into 

the problem of Truth is based on this assumption. 
The principle may be stated as — " All change inust 
have a sufficient reason” or “Every fact that happens 
‘ must have a sufficient reason. ” This principle is 
formal as well as real, and may, therefore, be enunciated 
as follow^s : — 

Formal : “ Whatever is pulged to be true must 
have a reason in our thought for being so 
judged,” and 

Eeal : “ Wiiatever happens in the actual order 

of being must have a sufficient reason for 
so happening.” 

We are now concerned with the o^eal aspect of the 
Principle. Eeality is such that everything that happens 
in it must have a sufficient reason. When this prin- 
ciple is applied to the phenomena of Nature it assumes 
the more concrete form in the Princigole of Causality, 
which says that ' every ^jyeiLt,has_a^^^ A further 

corollary from the Law of Causality is the J^aw of 
Uniformity of Causation, also known as the Uniformity 
of Nature, mz., Hhe same cause has the same effect/ 

Thus, although the Principle of Sufficient Eeasoii’ is 
ultimately the basis of Induction, it is rather too wide in 
its application. When applied to Nature it becomes the 
f Principle of Causality, which should, therefore, he accepted 
as the ultimate presupposition or postulate of Induction. 

While many logicians (cf Mill, Bain, Carveth Bead, 
Welton, Croke, etc.) take the Principle of Uniformity of 

^ This is illustrated in Lotze’s formula ‘ A + B = which means 
that the subject A can only pass into a specific phase (1 under an 
assignable condition B. The Law of Sufficient Eeason “represents 
the demand of intelligence* for the explanation of everything by 
something else. ” (Bosanquet, op. cit. I. Ch. Yll). 
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Nature as the ultimate ground of Induction, and view 
Causation as only one kind of uniformity, that of 
sequence; we, on the other hand, hold that Causatioji is 
the ultimate presupposition of Induction and that the Law 
of Uniformity (as also Reciprocity of Cause and Effect) 
is alreaily implied and included in Gausation. Since a 
canst^- cannot be so called, unless its effect follows from 
it alwajfs under like conditions. ^ If the effect follows 
someiinnes and does not follow at other times, its so-called 
cause has no title to be regarded as Cause. Joseph and 
Mellone, among a few others, share this view of ours. 
The following scheme shows the principle of Causation 
as the foundation of Induction and its relation to the 
other principles : — * 

Induction is grounded in 
Law of Causation 
Every phenomenon has a cause.” 


A concrete form of Includes 

Law of Sufficient Reason: (l) Law of Uniformity of 

Everything has a sufficient Nature : 

reason for its being.” ^ Uniformity of Causation) : 

The same cause must have 
the same effect,” and its 
converse 

( 2) The Reciprocity of Cause 
and Effect : 

“ Every effect always has the 
same cause,” 

1 Our view can easily he reconciled with our mataphysical 
doctrine of the inherent indentity of Cause and Effect. If we 
confine Causation (in Logic) merely to sequence in time or succession 
we find no way to agree with the doctrine of the identity of Cause 
and Effect. In Hindu Logic the two theories known as AsatkSrya- 
vada and SatkEryavada are worked out side by side. Vide § 
15 below. 
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I Induction is chiefly concerned with the discovery of 
j causes of phenomena, and we shall therefore inquire iii to 
the meaning and implication of the principle of Causa- 
tion at some length. The typical representative of the 
Empirical school is J. S. Mill ; hence, before proceeding 
further we must review his teaching. C 
2. MilPs View of Causation*— Mill is careful enongli 
to preface his inquiry into the Law of Causation by the 
remark that he speaks of j:>%.9imreauses oniy,^ not 
of cfficieyit causes, that he does not propose to go into 
“ the ultimate or ontological cause of anything. ” Ex- 
cluding the notion of efficiency in causes, he defines cause 
-'.Ajas inyanable and u sequence. If A is in- 

variably and unconditionally followed by B, it means 
that A is the cause of B. Causation is a Uniformity — 
the uniformity of the other uniformity being 

that of co-existence, under which Mill classes, e.g., the laws 
of number and' of geometry, in fact, all generalisations in 
which any two qualities A and B are found to be 
inseparable, although we fail to explain their co-existence. 

Q^usation ys_ the. law pf^the succession of phenomena. 
“ The Law of Causation,” says Mill,^ '' the recognition of 
which is the main pillar of inductive science, is but the 
familiar truth, that invariability of succession is found by 
observation to obtain between every fact in nature and 
some other fact which has preceded.” In the section 
following, he continues : '' The ..cause is the...sum-total 

of the conditions positive and negative taken together : 
the whole of the contingencies of every description, winch 
being realised, the cpnseaiient invariably^ folloyys” Here 
we have the antecedent conditions and the consequent 
event distinguished. The former taken together are 
called the mtm the latter the effect. The negative 

1 el Book in, ii. 2 . 
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conditions are sinnmed ixp by Mill under one head, viz., 
“the absence uf preventing or cpunteractiiig causes” 
Plins the euiise of a phenomenon is constituted by the 
group of antecedents, which being realised, the pheno- 
menon follows, 

Xow, if ciuisation were merely invariahle seqttence and 
ni)thing more, day would be called the “cause” of night, 
since it is invariably folloxved by night ; sirnilarly night 
('.otdd he called the “cause” of day for the same reason. 
lienee, causal serpienee is more than mere invariable 
succession. It must also be '' U7ieo7iditional'' hence, Mill 
gives his ilnal jiml seieuititic” definition of “cause” as 
follows : — “ Wii may define, therefore, the cause of a 
phenomenon, to he the antecedent, or the concurrence v” 
of antecedents, on wldch it is invcmahJy and unmiditio^i- 
idly consequent/’ Thus the succession of day and night 
cannot be called ‘ causal,’ since, although invaricdde, it is 
not mieonditionaL It is determined by the occurrence of 
other antecedents. 

The ordinary and popular view of cause is anything in ’ 
the absence of which a phenomenon would not come toi 
pass, and the tendency is to select the 2^roxwiate antecedent^ 
and give the name ' cause ’ to that alone. This view is 
recognised in Mill’s own account, but at the same time 
he impi'oves it Iw his scientific view, which takes cause 
us the whole group or the sum-total of conditions, positive 
and negative. The latter view is usually regarded as in- 
congruous with tlie former but to us it seems to be only 
a little more cautious and exact statement, v 

3. Criticism of MilPs Doctrine.— Various lines of 
argument have 1)een advanced against Mill’s account of 
causation. The following are the chief points for criti- 
cism 

(1,) Jojme finds fwlt w^tl^ Mill’s dpctripe op tlie 

f 
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• ground that the reduction of efficiejit causality to a. 
mere time-relation is totally contrary to reason. Every- 
thing which comes into being inust have not a mere 
,, antecedent in time, but an efficient cause wliich is the 
treason why it exists.^ 

But this criticism appears to us beside the point. 
Mill expressly tells us that he is not discussing the onto- 
logy or metaphysics of causality, and by ' cause ’ he 
means physical and not efficvmt cause. Joyce simply 
preaches the metaphysics of causality to a logician wlio 
is dealing with the relation of natural phenomena. Tlie 
following point would, thei^efore, be more relevant in criti- 
cism of Mill : 

(2.) If causality is mere succession in time, Mill 
cannot with any justification speak of the unconditional 
character of the connexion. We can only speak of E 
following A, and not as to how the causal tie between A 
and B exists. But unless we know something about the 
how, the reason why B must follow A, we cannot speak 
of A as the unconditional antecedent of B. To know it 
we have to transcend the mere sequence of phenomena in 
time. 

(3.) In defining cause as the sum-total of positive 
and negative conditions indispensible for the production 
of the effect, Mill wrongly identifies cause with ' condi- 
tions.* Oaim must be distinguished from condition, ^ 

^ cf. Joyce, Principles of Logic, 1908, p. 242. 

® ‘‘ A cause is that which makes a thing to be what it is, while 
a condition is that Avhich in one way or another enables the causes 
to act in the production of the effect, but which does not make the 
thing what it is ” ^Joyoe, p. 220). A conditmi, although 'uecessarg 
for the production of the effect, does not positively contribute 
thereto. Bor instance, powder must be dry in order that it may 
have its effect in gunshot ; or, again, to allow daylight in a room 
there must be some wii^dov^s. In either case we have a condition, 
pot the cause- 
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(4.) As an empiricist Mill cannot believe in 
‘ necessary connexion yet he defines ' cause ' as an 
inmAiihh antecedent. Invariable’ means ' that which 
canrtot vary and empiricism means that we are not to 
speculate in advance of the facts : how, then, can it have 
cognizance «.>f more than an observed absence of variation, 
and how can it infer an absence of a ‘ power ’ it had 
declared to be an illusion ? Clearly the transition from 
' unvaried ’ to ' invariable ’ is beyond its power ” ^ 

(5.) Mill’s phrase sum-total of conditions” is mis- 
leading, {i) It indicates a special way, which may be in- 
appropriate, of combining the factors. ‘ The totality of the 
relations ’ would be a better phrase than 'the sum of the 
eonditioTis’ (Bosampiet), {ii) It is not clear whether it is 
limited to relevant conditions or not. If it is, it becomes 
quite incompatible with Mill’s doctrine of the Plurality 
of Cauvses, {viz,, that an effect may be produced by many 
causes). If, however, the phrase is not limited to 
relevant causes, it may be compatible with ‘ Plurality of 
Causes but it loses its real meaning and thereby con- 
fuses ' cause ’ and ' condition.’ There would then be no 
analysis ; it would be meaningless tautology to speak of 
‘ cause ’ and ' effect.’ 

(5.) The notion of cause implies efficiency, which 
even Mill — so careful to avoid efioient cciuses — has to 
admit in speaking of the unconditional character of the 
causal connexion. Moreover, such unconditionality can- 
not be proved in the case of physical phenomena.*^ 

(6.) The idea of cause as an event in time prior 
to the effect, the time-sequence of causation, is ‘ 

* Schiller, op, cH. p. * 288 . 

“cf* ‘‘Mill sets out by discarding ^efficient’ causes, and yet 
he finds cause in a set of conditions whose existence necessitates 
that of the effect ; greater efficiency than this no one would wish 
tp establish/’— -Welton, of, cit, II., p. 19, 
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imsoimd. As this is of particular importance, we shall 
discuss it in the following section. 

4. Causation as Sequence in Time iCHtieised.MilYf^ 
doctrine contains the erroneous, implication that 
time-segimice is an essential character of causation. This 
seems to be due to the natural tendency of translat- 
ing distinctions in thought into separations in fact. 
Mill speaks of the antecedent as ' cause/ and the con- 
sequent as ‘effect/ but the statement is false, if taken 
seriously. Causality • is a process, it is a change, a-ml 
I there is no stage at whicli we could say that the cause 
I has ceased, and the effect has begun.^ The immediate 
cause co-exists with the immediate effect. The process 
of real change is one, and if the cause ceases to act, 
the effect also ceases to be produced. Change does 
take place in but it is one continuous process and 
its moments are not separated, hy time. In other words, 

I cause and effect are not divided by time, in the sense of 
! duration, or lapse, or interspace : they are separated in 
time by an ideal line which we draw across the indivi- 
sible process.^ Mellone rightly observes:, “Cause and 
effect are divided by a simple mathematical line — a line 
destitute of breadth — which is thrown by our thought 
across the current of events ; on one side we have the cause, 
on the other the effect. Tiiere is no pause in reality ; 

^ One might refer to a case in which a man takes poison now, 
and the result death comes long after. But it would be wrong to 
argue that between the taking of poison and the occurrence of 
death nothing has happened. In fact the poison begins to act as 
soon as it is taken, cause and effect co-exist, and it is only one of 
the last links in the long chain of events that we call death. 
Poison goes on acting, each stage is imperceptibly linked ux> with 
the following and it is quite arbitrary to take no notice of the 
many proximate causes of death lying between the taking of 
poison and the event of death. . . 

®cf, Croke, p, .. . 
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the whole process is continuous; the immediate cause 
comes into full action only at the very moment when the 
ehect begins to be producech The point, to be borne in 
mind is tiie mntmuity of cause and effect/’^ Causation is, 
therefore, ' something that is not in succession, though it 
remains through succession b Mill is *aware of dis- 
creteness only, he is blind to the continuity of the process. 

“ Cause as an event in time,” says Bosanquet, '' is . an 
imperfect eoneeptioiL Indeed it is hardly possible to 
formulate the idea of one event in time, as the cause of 
another that falls, in time, wholly outside the first. 
Cause is always taken to be more or less of a complication 
of relations and circumstances ; and these as acknowledged 
to l)ear on one another, are not mere events in tiine.”'^ 

0 . Our View of Causation.— Criticism of the empi- 
rical theory of causation leads us now to state our 
own. view in brief. It seems to us that Mill’s account 
of cause as the invariable and unconditional antevedeyit 
states only half the truth, and taken by itself it cannot 
be accepted as a complete theory. Mere succession, as 
we have already observed, explains nothing. The efiect 
.may follow the cause unvariedly, but on strictly empirical 
data we cannot predict the future. The senses do not 
reveal any real connexion between two phenomena known 
as emm and effect They give us only a stream- of 
}>erceptions, and from the empirical standpoint we have 
no right to assume the existence of any necessary connexion 
between tliem. On this point Hume (1711-1776), who 

^ B. H. Mellone, op. eii. -p. 273, cf. Bradley, Frinclples of Logic^ 
p. 488. 

' Logic I, ch. YI. “ The temporal succession, which seems the 
natural diEerentia of causation, disappears in the reference of 
the ejffect to a positive and continuous system. Mere tempord 
relation is negative, is nothing: It is only the unity behind the 
temporal relation that can bind caus6 to its 
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pointed out the bankruptcy of empiricisiiir Was unans^^^ 
able. His position may be siimined up very briefly 
as follows : — 

The idea of causility has a purely sulgective signi- 
ficance. The necessary connexion which we postulate 
between cause \nd eflect can neither be demonstrated nor 
felt. It is not true to say that the idea of causality can 
be derived from experience ; . since experience only gives 
us a mere succession of sensations, a mere sequence of 
isolated events without any interconnexion. We have 
110 idea of connexion orpower at all, and these wtuxIs are 
absolutely without any meaning.'’ Causation is nothing 
more than customary succession. By themselves all 
events are loose and separate. They seem conjoined but 
never connected. From the mere repetition of any past 
impression even to infinity, there will never arise the 
idea of necessary connexion. It is in our own mind and 
we erroneously project it outwards and thereby create 
an illusion. 

All this goes to prove that on the basis of experience 
we can only speak of the mere sequence of two phenomena. 
But causation implies much more than mere succession 
in time. 

The idealistic theory, on the other hand, also goes to 
the other extreme and is blind to half the truth. In 
its anxiety to state the truth from the metaphysical 
standpoint it ignores the logical distinctions of cause and 
effect due to succession in time. It declares causation 
to be co-existence, not sequence. Cause and effect are 
viewed as merely two aspects of the same process. They 
are also pronounced to be identical in their essential 
nature. When they are referred to a complete system, 
the idea of temporal succession disappears, and cause is 
identified with the complete ground or the totality of 
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systematic relations which constitute its necessity '' 
(Bosaiiquet). The idealistic theory rightly maintains 
that the temporal order of cause and effect should be 
treated as the expression of a plan or unity, ‘‘ Except 
as the expression of such a unity,” whites Bosanquet, 
causation disappears ; but as the expression of such a 
unity, the causal relation ceases to be in time, because 
the positive connexion between cause and effect being 
made manifest, the two are united in the complete 
ground ” {ibid). Now, it is unquestionably true that 
the process is not chopped up into bits of phenomena 
succeeding one after the other. There are no breaks 
in the process* Causation is * the ideal reconstruction of 
a continmiLS process of change’ but such reconstruction is^ 
in time, and the continuum is not in any way broken by . 
an ideal line that distinguishes cause and effect. As] 
Bradley observes : “ Between the coming together of 

the separate conditions and the beginning of the 
process, is no halt or interval. Cause and effect are 
not divided by time in the sense of duration or lapse or 
interspace. They are separated in time by an ideal line j 
which we draw across the indivisible process. For if! 
the cause remained for the fraction of a second, it might 
remain through an indefinite future.” ^ , It is, however, 
sometimes forgotten that although causation is an 
indivisible process, yet in order to speak of cause and 
effect an ideal line must be drawn separating the two 
in time?^ If you refuse to allow that, the reference tof 
a distinctionless and continuous process serves no 
purpose for us and is altogether meaningless. Therefore, 

^ Bradley, op, clt. p, 488 note. 

^ cf. Granted that time and sequence are continnous, yet they 
are also discrete. There is indeed no interval in which we can stand 
and say ‘ The cause is past and the effect is not begun.’ But un- 
questionably we can make a stand at any point, in the continuous 
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if the effect is to have a begiiming> the cause must also 
have a beginning. To produce the effect it a cause, 

and becoming is change in time. This truth is sometimes 
ignored while speaking of causation as co-existence. 

Thus, the true view of causationis to regaixi it a 
continuous process of change in time. Caiisatioii is co- 
existence, but as a cause cannot exist without producing 
its effect, we speak of the beginning of cause and effect, 
which implies their succession in time. It is, tberefoi'e, 

; not wrong to say that the effect succeeds the cause. 

: It should only be added that it does so immcdiaiely, 
Iwithout any halts or breaks. In this way, the continuity 
of the process is not affected, and at the same time we 
do no violence to the ordinary view of causation as 
temporal succession. We only explain the sense in which 
• we can speak of temporal succession. In content, cause 
Jand effect co-exist, but in their form or manifestation in 
i phenomena, there is time- sequence.^ This seems to be 
the only way of bringing together the elements of truth 
in the two theories. /— 

6. Plurality of Causes : MilFs Doctrine. — The term 

‘ Plurality of Causes ’ was introduced by Mill, who wrote 
as follows : — It is not true . . . that one effect must be 
connected with only one cause, or assemblage of. condi- 
tions; that each phenomenon can be produced only in 
one way. There are often several independent modes in 
which the same phenomenon could have originated. 
One fact may be the consequent in seyeral invariable 
sequences ; it may follow with equal uniformity, any one 
of 'several antecedents, or collections of antecedents 

sequence and say ‘ so much is (or has been) real, the rest is not yet 
real.’ And what is not yet real cannot be the cause of what is or 
has been real. This appears to be the root of our whole conviction 
about cause and effect in time.” Bosanq,uet, Logic, I. ch. YI. 

Icf. .Welton, 0 ^. IL,p.25 also. 
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(III x: 1 ). Thus, according to this doctrine, although the 
same cause, under similar circumstances, always produces 
the same effect, nevertheless, it is not true to say that 
the. same effect is always due to the same cause. Many 
causes may bring about a certain effect. To take Mill’s 
«nvn example : death may be caused in several ways. 
We cannot speak of the “invariable antecedent” of 
death. It maybe due to one or more of a multitude of 
causes. It may, be due to poisoning, plague, heart- 
failure, suffocation, suicide, shooting, smallpox, cholera, 
uid age, etc. That the same effect may be produced by 
a plurality of causes is further shown by medical theory. 
Tlie physician Icnows tliat a disease may be due to one or 
more of so ina.ny causes and he is anxious to determine the 
emm in eacdi individual case he examines. Take Fainting 
or Syncope. There is no 07ie, fixed, mvariahle cmtecedent 
to bring about this phenomenon. Thus Moore writes : — 
“ Fainting or Syncope occurs from mimeovus causes. 
It may residt from loss of Uood, or horn fnglit or sudden 
shock ; it may be produced by a blow over the stomach, 
or by intense pain ; . . . It may be caused by a disordered 
stomach, or may arise from certain diseases of the heart. 
It may even arise from great heat, or the vitiated air of 
crowded rooms ; bad smells or unpleasant sounds.” 
Thiis— 

EfFeef Plurality of Causes. 

f 1 . Loss of blood. 

2. Fright. 

S. Sudden shock. 

4. Blow oyer ttie stomach. i.. 

. 5. Intense pain. 

Fainting (duo to) ... { 6.. Disordered stomach. 

7. Diseases of the heart. 

. . ‘ 8. Excessive heat. ■ 

,, , • 9. Vitiated air. . ■ 

‘ “ 10. Bad smells. 

‘ .. ' • ^ ■ V '4 L Unpleasant' sounds, 
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These facts seem to support the doctrine of the 
Plurality of Causes. Mill concludes : “ It is not true that 

the same phenomenon is always produced by the same 
cause, the eBect a may sometimes arise from A, soine- 
tiines from i?. . . . . Many causes may produce motion ; 
many causes may produce death (ibid). 

/ 7. Criticism of MilPs Doctrine. — Mill took pains tu 
distinguish the popular and the scientific meanings of 
the term 'cause’, and finally defined 'cause’ in the 
vscientific sense as ' the invariable and unconditional 
antecedent of a phenomenon ’ : yet, in empliasising his 
doctrine of the Plurality of Causes he either entirely 
overlooks this distinction and uses the term ' cause ’ in 
the popular sense or else expresses a view totally in- 
, consistent with his own definition of cause. We must 
i carefully distinguish the Plurality of Causes from the 
VComposition of Causes, which means that a single complex 
i phenomenon may have different causes acting together 
Ion one occasion. Such partial causes co-operate and 
jointly contribute to^ ^he production of the complex 
phenomenon, which we call oner ‘ For instance, a person’s 
death may be brought about by a complication of diseases, 
of which no one could have singly proved fatal. In 
such cases, the term 'cause’ is not given to any single 
' partial ’ cause but to their composition. But the 
Plurality of Causes means that one and the same effect, 
e.g., death, may on different occasions, be due to entirely 
different total causes, e.g., poison, old age, explosion, etc. 

But we hold that the same phenomenon cannot have 
ilififerent causes on different occasions, A cause, as 
defined in its scientific sense, would cease to be ' cause ’ if 
the same effect could have a plurality of causes. If, 
according to Mill himself,, the essence of causation lies in 
‘ invariable and unconditioned sequence it means th§t 
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such vsequenoe is indepeiKlent of everything else, hence 
a certain sum- total of conditions can only produce just 
one effect, and that no two or more causes can ever bring 
about exactly the same effect.^ Therefore, in this strict 
sense of the term ‘ cause \ it is not true to say that a 
]>henomenon may have a plurality of causes. The 
Plurality of Causes has only a semblance of reality: it is 
more apparent than real. As Joseph says; 'Hhe altex*- 
uative ‘causes' of a phenomenon, which make up the 
])lurality, are none of them causes in the strictest sense, 
Imt rather events which agree so far as the production 
of the phenomenon requires, though taken as a whole 
they are very different/'^ 

If the ‘cause/ is, in its strict sense, “the sum-total of 
the conditions, positive and negative, taken together ”, 
it is easy enough to see that the negative conditions — 

^cf. “There are, as Mill observed, many causes of death: 
and though he was referriiij? to men, it is also true of rats. But 
death is not the same thinsr whenever it occurs : and the doctor 
or the coroner knows this. The many different caur^es of death 
do not altosrether have the same effects ; if yon shoot a man 
and if you behead him, the difference in the result is visible ; if 
yon poleaxe an ox and if you poison him, he is not equally edible. 
A s soon as we begin to be interested in the particular variety of 
death produced, we find the number of causes that produce the 
result in which we are interested diminish rapidly ; if we carried 
our interest far enough into detail, we might say that for death 
of a particular kind there was only one cause possible.^ But since 
much of this detail is quite unimportant, we treat as instances of 
the mme event events which in some respects are different and 
then say thax the same event has divers causes — Joseph, op. cH. 
p. 447. 

“ There are many causes of death only because there are many 
kinds death.‘”--Mellone, op. cit. p. 260. 

“ If only the effect is given in all its detail, there will never be 
more than one possible cause to account for it. The relation 
between Cause and Effect is thus, uhalltj, reciprocal or reversible.” 
— B. Gibson, op. cit, x>. 384. 

^Joseph, op, cit, p. 455. 
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which imply that 'nothing in the ahsence of which a 
phenomenon occurs can he , its ‘ cause —can never be 
fulfilled if the doctrine of the Plurality of Causes is also 
true. If one and the same effect can have different 
causes, on different occasions, we cannot view 'cause ’ 
as that in the absence of which a plienomenon occurs’. 
It cannot be called ' cause ' in the particular instance 
in which it is absent, but it may be on another 
I occasion, when it is present. The relation between cause 
and eflect is reciprocal ; and as it is true to say tliat 
C the same cause has the same effect it is no less 
^rue to add ' the same effect has the same cause.’ 

At the same time we must bear in mind that tlu‘ 
doctrine is true only if we use the term ' cause ’ in its 
popular sense; i. e., not " the sum-total of positive and 
negative conditions/’ not " the invariable and uncondi- 
tional antecedent” but 'conditions siifficient though not 
indispe'iisable ’ for the production of an effect. In this sense, 
the same effect may he produced by different causes.^ 

I Thus the doctrine of the Plurality of Causes is wholly 
incompatible with Mill’s definition of 'cause’ in its scientific 
I or philosophic sense. If 'Cause’ is merely the ^ sum of 
conditions ’ the Plurality of Causes is plausible, but if it is 

^ The doctrine holds good “ as long as the ' cauvse ’ is understood 
in the popular way. The pliiraUitf disappears before aup e.md 
scientific investigafmi. The subtraction of any factor from ihe 
“ total cause ” in this strict scientific sense, or the addition of any 
new factor to it, must necessarily modify the effect : no other 
factors or combinations of factors could produce this sort of effect 
exactly arid identically”. — Coffey, Science of Logic, 1912, II, p. 8fi. 

The wide r conception of ‘ cause ’ which allows the ' plurality of 
causes’ to hcl \ good, is, however, “the most serviceable for 
purposes of inducl3\< logic” fYenn, Empirical Logic, p. 71). 

Properly speaking, to give the cause of anything is to give every- 
thing necessary, and nothing superfluous to its existent e. But our 
practical aims cannot be satisfied by that much alone “ What we 
vyapt to know is not by any means always the recipro . ting cause of 
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defined in its sense as the ‘ sum of the m^ditionsl there is 
nothing to support the doctrine. In this sense, as we said 
above, tiicro is always a reciprocity between the cause and 
tlie effect. 

8. Cause Distinguished from Reason or Ground. — 

We have spoken of the reciprocity of cause and effect. In 
tiiis strictly philosophical sense, emtse is identical with 
(/rouiuL We know that the hypothetical judgment, with 
its content composed of ground and consequent, is a 
reciprocal judgment, 'when ideally complete ‘If A is B, 
it is Vj ’ is a hypothetical judgment. When it is ideally 
complete, we should be able to infer ‘ If A is C, it is B h 
The relation is reciprocal, A cannot cohere with B, unless 
B coheres with A.^ 

C-ause and Ground cannot, therefore, be distinguished 
in tlieir perfect stage. The Cause is the Because. Com- 
plete Ground — which is ultimately not other than Seal 
Ground — is identical with Cause as ‘the sum of the 

a determinate phenomenon : the phenomenon under investigation 
is often highly complex, and subject to all sorts of vaiiation on 
the different occasions of its occurrence, through variation in the 
objects or events contributing to its production ; not the whole 
nature of the objects or events under whose influence it occurs is 
relevant to its occurrence, but only certain particular properties 
or modes of action”. — Joseph, np. cit. p. 445. 

‘‘ Sometimes what is practically most important is scientifically 
least important ; it may be of great importance to know what 
circumstances will produce an event without knowing hoio they 
produce it. For instance, it may be of importance to clear the 
premises of rats ; traps, strychnine, phosphorous and terriers are 
various ‘ causes ’ between which we must choose ; but we do not as 
a rule hold post mortems on dead rats. ’ Mellohe,:op. clt. p. 275. 

^ “ The relation of Ground is thus essentially reciprocal, and it 
is only because the grounds alleged in everyday life are burdened 
with irrelevant matter or confused with causation in time that we 
consider the Hypothetical Judgment to be in its nature not 
reversible ’ \ “ Conipi ete ^ lause , like Complete Ground , corresponds 

to a Hypothetical Judgment, whose condition and consequent are 
reciprocal”.— Bosanquet 
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conditions/ In other words, as Cause and Ground are 
completed, they tend to coincide, “ and the striking 
differences between them depend on a comparison of their 
imperfect and ultimately self-contradictory forms/’^ In 
their imperfect stage, cause is to be distinguished from 
ground. As such Cause is a species included in a common 
genus with the incomplete forms of Ground. 

It is only by identifying Cauvse and Eeason that the 
following paradox, referred to in the previous section, can 
be met : “ What is merely essential to the effect is always 

something less than any combination of real “ things 
which will produce the effect, because every real thing 
has many properties irrelevant to this particular effect. 
So, if the cause means something real, as a material object 
is real, it cannot be invariable and essential. If it is not 
something real, and is essential, it fines down into a 
reason or law-— the antecedent in a hypothetical 
judgment/^^ 

Causation is known by reasoning. The cause, as we 
know it in its complete form, is always the Eeason or 
Ground. But the Eeason is not always the Cause of the 
consequence. As Bradley says, “ In some cases, no doubt, 
it (the reason) does appear as the cause, but in others 
cannot see how this is possible.”® The cause, as we 
know it, is always a because ; but every because does not 
appear as a cause. . 

Sometimes Ca%ise and Reason are distinguished with 
reference to the order of reality and the order of thought 
respectively. Thus ‘ Cause ' is said to be that on which 
something depends in the real order, and ' Eeason ' that 

^ Bosanquet (ihtd.) “ Ground and Cause are thus not co-ordinate 
but convergent conceptions.” 

^Bosanquet, Macmillan, 1895 p. 165. 

® Bradley, op, cit. p. 497. 



on which sometliing depends in the order of thoughts 
This distinction also explains that^h»etween Cmisa Essendi, 
the ground of existence, or that which explains why a 
eiiange is what it is, and Owitsa Cognoscendi, the ground of 
knowledge, or that which explains how we know a 
certain event. For instance, I am riding in a tram-car 
in Calcutta, and see from some distance that a smashed 
up hackney-carriage and motor-car are obstructing the 
line. This is the Cama Gognoscmdi to me that the 
tram-car will stop, but really the tram-car will stop by the 
application of the brake, which is the caum esscndi. 

< 'ause corresponds to the mum essendi, and Ground or 
Keasoii to the causa cognoscendi. The former refers 
to change as real, the latter as knowable. The relation 
of Cause and Effect can thus be distinguished from that of 
Ground and Consequence, but the distinction does not 
imply any opposition. This distinction is, however, 
more one of usage than of theory 
In ordinary usage Cause is taken to imply time 
sequence. In tliis sense, it may be contrasted with Ground 
or Eeason. Cause refers to operation in Eeason does 
not. ' ' ‘ . 

9. Quantitative Aspect of Causation. — Science always 
aims at accuracy and precision. ' In physical and 
mathematical sciences and other departments of knowledge 
which allow of quantitative measurement, this aim is 
realised ; but facts of our mental and moral life, which 
are always unique and qualitative, baffle all attempts of 
science to view them quantitatively. For that reason, we 
cannot, strictly speaking, have a science of Psychology 
or a science of Ethics. When we speak of them as 
sciences we only imply their methodical and genetic 
^ cf. Joyce, op. cit., p. 119. 

® Bosanquet, op. cit. I. p. ‘265. 
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treatment. Now, Causation admits of quantitative treat- 
ment only in physical sciences, and it is in their reference 
that the following remarks of Sir tlolin HerscheP are 
applicable “ Numerical precision ... is the very soul of 
science; and its attainment affords the only criterion, 
or at least the best, of the truth of theories, and the 
correctness of experiments .... Indeed, it is a character 
of all the higher laws of nature to assume tlie form of 
precise • quantitative statement.'’ Thus, where possible, 
science seeks after numeidcal accuracy.- 

In its quantitative aspect, Causation is viewed as Con- 
servation of Energy, an idea supposed to indicate a great 
advance in the scientific view of causality. The principle 
amounts to saying that energy has various forms, all 
mutually convertible, and that no energy is lost in such 
mutual conversion. Force, that is extinguished in one 
form is created in another form. Clerk-Maxwell defines 
the Principle of the Conservation of Energy as follows 

^'The total energy of any material system is a 
quantity which can neither be increased nor 
diminished by any action between the parts 
of the system, though it may be transformed 
? - into any , of. the 'forms of which energy is 
susceptible."^ 

; We can make this statement in reference to concrete 
material 'systems only, and no equation between the total 
possible . energy Qf;rthe Universe as a whole can' be 
^ Herschel, DUcourse-on Natural Fft}.losoph?/,§^ 116. 

-- “ Tf we are .to speak a'co.u.rat.eiy we cannot say that eatin^^ 

stills hunger and drinking thirst,, for. a mouthful or a. sip is no 
good ; ‘ nor can we say that arsenic kills or qpinine reduces fevei\ 
for it depends on the dose’ ; it is inaccuratet again, to say that 
common salt is dissolved by water, for it is not true that any 
quantity of salt is dissolved by any quantity of water.” — Sigwart, 
<Eng. trans.), pp. 346, 54L 
® J. Clerk-Maxwell, Ch. T., p. 60. 
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established on erapirieal grounds. As James Ward says, 

Those who insist that the quantity of this energy in 
the universe miist be constant seem to me in the same 
position as one who should maintain that the quantity 
of water in a vast lake must be constant merely because 
the surface was always level, though he could never reach 
its shores nor fathom its depth.’’^ The principle simply 
means that energy is not lost in transformation from one ; 
form into another in a limited system. If we know the ' 
amount of energy lost, we can find it in some other foiun. 

If a kettle full of water being heated for half an hour is 
found empty, the water has simply assumed the form of 
steam through heat. Force is indestructible. The forms 
of Heat, Chemical Force, Electricity, etc,, may interchange, 
but no amount of energy is destroyed thereby. T^^ans- 
ference of energy is the final solution of change offered 
by science. 

Now, Causation, viewed as Conservation, is the trans-* 
ferring of a definite amount of energy. - Bain explains f 
it by means of the following examples : — 

* When a ship is propelled by wind or by steam, the 
motion is said to be caused by those agents, which expend 
themselves in producing the effect. The exp)ansiveness of 
steam is due to heat operating through the medium of 
%vater. The heat arises from the combustion or chemical 
union of coal and oxygen. The coal was the carbon of 
plants of former ages, whose growth demanded an 
expenditure of solar heat.’ 

The numerical equivalency between Cause and Effect 
can be measured in terms of a fixed unit. For instance, if 
an effect is measured to contain twelve units, and if the 

' James Wai*d, NaturaUsm ami Agnostlchm, vol. ii. Lecture xiii, 
pp. 76-77, 

'cf. Bain, Logic: Induction^ 1896, p. 30, 
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amount of work created by the known agents or causes 
is ten units, it follows on the principle of the Conservation 
of Energy that we have still to find out causes having 
the capacity of two units to make up the total twelve units 
of the effect. The capacity of the cause must be the 
same as that of the effect. This principle is particularly 
useful’in testing the adequacy of our explanations. 

But one difficulty cannot be overcome. The principle 
explains Causation as the transfer of Force or Energy ; 
but causation is not so simple a process, it involves 
Collocation as well, which cannot be explained by this 
principle. By Collocation is meant co-existence of causal 
tendencies in certain relations or the circumstances whieli, 
though not the determining cause, are yet necessary for 
the production of the ehect. It is defined by Bain as 'the 
completing arrangement ’ or ' the new arrangement of 
materials For instance, a mill is turned by the energy 
created by a waterfall. But unless the water is brought to 
bear on the mill and the sluices are regulated, the mill 
will not work. These two circumstances are, therefore, 
not energy but collocation, similarly, if a ceiling-fan is 
properly fixed and its machinery is quite in order, still 
it will not move and give the much-desired breeze unless 
the electric wire is also connected with it. Here the 
prime mover is the electric current, but the completing 
arrangement or collocation includes the connecting of the 
machinery with the electric wires and allowing the 
regulator to move from the zero point onwards. Thus it 
is said that the principle of Conservation explains 
Causation but has nothing to say as to how the completing 
\ arrangements (Collocation) are brought about. L 

10. Causation Derived from Experience; MilFs Proof 
of the Law of Causation.— We have seen that the Law of 
Causation is the Inductive Postulate or the Ground of 
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liKliictioB/ question is, can this Law be proved 

on the basis of experience ? The Eationalists say in reply 
that it cannot be so proved, that it is a. necessity of onr 
thought, a self-evident and intuitive truth. The other 
answer, given by the Empiricists, like Mill, is that the 
inductive Postulate is decidedly a generalisatiooi from 

experience. ^ 

Before criticising Mill's view we had better state it 
briefly in his own words. He states the principle thus — 
Every event, or the beginning of every phenomenon, 
must have some cause, some antecedent, on the existence 
of which it is invariably and unconditionally consequent.” 
Mill argues — “ If we suppose . . . the subject-matter of any 
generalisation to be so widely defitsed that there is no time, 
no place, and no combination of circumstances, but must 
aflbrd an example either of its truth or of its falsity, 
and if it be never found otherwise than true, its truth 
cannot be contingent on any collocations unless such as 
exist at all times and places, nor can it be frustrated by 
any counteracting agencies, unless by such as never actually 
occur. It is, therefore, an empirical law co-extensive 
with all human experience, at which point the distinction 
between empirical laws and laws of Nature vanishes.'^ 
Elsewhere he argues while speaking of Induction by 
Simple Enumeration : It is “ delusive and insufficient 
exactly in proportion as the subject-matter of the observ- 
ation is special and limited in extent. As the sphere 
widens, this unscientific method becomes less and less 
liable to mislead : and the most universal class of truths — 
the law of causation, for instance, and the principles of 
number and of geometry — are duly and satisfactorily 
proved by that method alone, nor are they susceptible of 
any other proof/' ^ 

' ^ A Byatem of Logic f Book HI, ch* xxi §3, 
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Thus, Mill attempts to prove the La\v of Causation 
on the basis of Induction by Simple Eiunneration. 

11. Criticism of MilTs Proof,— But the riietliod 
of Simple Enumeration cannot give us the categorical 
certainty that is implied in the Principle. The defects 
of this method have already been pointed out. Unlike 
Scientific Induction, it is unanalytic, and cannot, therefore, 
lead to the discovery of the regularity and interconnexion 
which underlies the variation and looseness of 
phenomena. It is powerless to determine the uniformity 
which transcends the apparently intinite variety of 
phenomena. It cannot exj>lain the existence of negative 
instances and a horde of exceptions that are met with. 
Hence the Principle of Causation cannot be established by 
inductio per emimemtiooiem simplicem. 

But, it may be contended that possibly Mill had in mind 
the analytic method of Scientific Induction by which to 
prove the Causal Law. That would certainly be less 
open to objection, since the drawbacks of Simple 
Enumeration vanish in Scientific Induction. On its 
basis, the proof will be satisfactory. But there is one 
serious objection. If the Principle of Causation is 
proved by Induction, we have no right to set it up as 
/the Standard or Ground of Induction. What is itself 
jan induction cannot, at the same time, be the Criterion 
(of Induction.^ As the Standard of Induction, the 
Principle guides us in distinguishing between a genuine 
and a spurious induction, between legitimate and 
illegitimate inductive explanation. That being so, how 
could the Principle itself be derived from Induction ? 
The inconsistency is obvious enough, 

. Again, Scientific Induction proceeds on the assumption 
that the exceptions we meet with are more apparent 

^ W. K. B. Gibson, ojp. cxL p. 45$ 
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than real^ that . tlier^^ -of, law and inter-relation 

in pheiioinena than appears to us at first. But this very 
assumption, the Inductive Postulate, is, according to Mill, 
a generalisation from experience. Evidently, it is an ex- 
ample of the fallacy of While attempting 

to prove that the principle of causation is derived from 
experience, he is compelled to assume that it is found 
in the facts in order to make Induction possible. But 
Hume had clearly pointed out that the causal connexion 
could not. be found in the facts of experience. The 
empiricists first read it into the facts before extracting it 
froiu them. Hence, the fallacy is obvious. On strictly 
experiential grounds the causal connexion turns out 
a mere ' fiction,’ Experience furnishes us with no ground 
whatsoever to extract the principle of causation, pf: 

12. Causation as a ‘ Necessity of Thought.* — If 
causality cannot be derived from experience, it must be 
explained as an a ‘priori principle, which exists in 
the mind as an intuitive or self-evident axiom, and 
accepted as an ultimate necessity of thought. 1 1 
is that principle which makes our experience possible. 
According to Kant, it is a structural necessity of our 
mental constitution. According to Schopenhauer, causal- 
ity is no less a pure perception than Space and Time ; 
without Space, Time and Causality our experience is 
impossible. This, however, leads into the intricacies 
of Metaphysics, which we need not discuss here. We 
have shown how it is impossible to derive this notion 
from experience, which means that it is not a posteriori. 

If so, it must' have existed before experience, in the sense 
of making our experience possible.' Logic has to accept .5 
it as a,ii a priori axiom without inquiring into its 
ultimate significance. This is the rationalistic explana- 
tion of the origin of Causality, and appears to us as sound. 
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But from the pragmatic standpoint, there is room 
for criticising this theory. Dr. Schiller, for instance, 
assails it on the following grounds^ : -- 

(1.) The theory is no explanation of our procedure. 
Why assume an ultumte moeBsity of thought implying 
thereby a limit beyond which no further discovery 
was possible? Is this not dogmatism ? It is quite 
possible that our ' ultimate fact ' may turn out to be 
wrong, Hence such things as " intuitions/ ' necessities 
of thought/ ‘ ultimate facts of mental structure/ etc., 
should only be regarded as provisional halting-places 
of the scientific analyst and permanent structures of 
dogma should not be built on them.” Now, we may 
say in reply that this criticism is perfectly true on the 
pragmatic basis of ^ provisional and relative truths/ 
but we view them as partial aspects of Absolute 
Truth ; hence, our standpoint being quite different, this 
criticism does not touch us.. The pragmatist is one with 
us in holding that the causal, principle is not derivable 
from experience : this leaves only one other alternative, 
viz., to regard it as m a priori principle. It is more 
than a mere postulate : it is an axiomatic truth, derived 
from Reason and corroborated by Experience. 

., (2.) Dr. Schiller admits the ability of the aprioriat 
theory to account for some points in our causal analysis 
that nonplussed the empiricist. '' If we are so constructed 
as ' always to import . the idea of causation into our 
experience, it is a matter of course that we. shall regard 
it as universal, and have the utmost confidence in it, 
until at least we learn from experience to distrust it ^ 
But, it is alleged, the rationalist theory fails to account 
for several facts, e,g., the following 

* cf . Schiller, op. cit. p. 290 ft. 
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(i) It fails to explain the distinetm^^ between 
casual and causal sequences. Plow to explain 
■ chance V? 

Our answer is, that although we admit the distinction 
in popular language, there is no room for it philosoph- 
ically. There is no such thing as * chance’. What 
appears ' casual ’ to a limited view turns out ‘ causal ’ 
U. viewed in the complete scheme of reality. If 
Aristotle enumerates ‘ chance ’ in his list of ' causes/ 
such inclusion is more from the ordinary than the 
strictly ydiilosophical standpoint. We hold that tiie 
rigour of causality is such as not to allow anything 
to happen by ' chance.’ 

(li) ‘‘ What about the future ? Wliat is to guarantee 
on this theory either that our mental structure 
will remain unchanged so as to continue 
to import causality into its vie\v of experience, 
or that the course of nature will continue 
to conform itself to the nature of our mind ? 
nationalism here seems as impotent as 
empiricism. It can never give us an 
indefeasible assurance so long as it dares 
not deny the possibility of change. And if it 
denied that, would its dogmas continue to be 
applical3le to the world of our experience 


We reply that such scepticism cannot invalidate our 
theory. That we shall above all continue as Miumau 
beings, ’ and tliat nature will continue to conform itself 
to our mind in order to make our knowledge possible is 
guaranteed by nothing else than Eeason. Eationalism is 
not “ as impotent as emynricism Empirically, there is no 
mcemiry connexion, as Hume pointed out, and we could not 
predict the future at all, neither could we speak of the 
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cause as inmvmhle. But the idealistix; sLa.ndjJoint is 
eutirely difrereiit. We may, for iustaiice, eoiupare Hume's 
and Kant’s standpoints thus — 


Hume argued : 
Experience has no necessity. 
The Causal Princi)de is derived 
from experience. 

It has no necessity. 


.Kan'I’ argued : ' 
Experience has no necessity. 
The. Causal Ihincipie lias 
necessity.. 

It is not. derived from. ex~ 
per ie nee. 

It is lioason that guarantees the truth of our universe, I 
judgments and it is Keason that justifies our |)rediction 
of the future Eationalism does not deny clufvfje, but 
at the same time it does not view it as ultimate 
and absolute. In (ualer to make change possible, there 
must be something cliangelcss as its suhst.ra,te. 
Iiationalism, indeed, gives greater assurance than the 
wholesale scepticism of the Pragmatist. 

{in) “ If it is true that human interference does 
notliing but vitiate ‘fact’, then the tlieory of 
Causation is certainly one of the most 
magnificently irrational parts of an incredible 
scheme of things {ibid) 

We do not deny that human personality does to 
some extent vitiate the process of analysis, but its effect 
is reduced to almost zero, if wo extend the scope of 
observation, if the results are based on tiic observation 
of a large number of persons. We i-egard Humanism 
only as a factor within Absolutisim 

13. Causation as a Postulate : Pragmatic Standpoint, — 
According to Pragmatism, there is still a third alterna- 
tive, Causation is neither derived from. Experience nor 
from the necessity of Eeason but from Postulation. All 
axioms are really postulates at their root,^ “ Postulation,” 
writes Dr. Schiller, “ is a well-defined and typically 

* On this view read Dr. Bchillerts excellent contribution “Axioms 
as Poatnlates ” in F^vBonal Mealim^ edited by Sturt, Oxford. 
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liuniau way of obtaiiiiBg general pvopositioiis which, when 
they have been suhkieiitly verified in use, may attain tlie 
highest degree of certainty and be looked upon as axioms. 
The principle of causation is one of tlie most valuable 
and characteristic of our postulates He further claims 
that Postulation explains all tlie facts, which the other 
two theories failed to account for : — 

(i). This view recognises the selectiveness of our 
thought. 

{ii). As a postulate, the causal principle “ combines 
the strength and avoids the weakness of its 
. two competitors, and is far more plastic and 
adaptal)le than either.’’ 

(iii). It accounts for the distinction between casual 
and causal succession, and recognises the 
existence of the former. “ A casual series 
of events is either one to which for some 
reason or other we refuse to apply tlie causal 
postulate, or one wliicli we purpose to analyse 
into a number of distinct causal series ”. 

{iv). ‘Chance’ is easily explained. Whatever does 
not interest anyone • can he left without a 
‘cause’, or if pressed further we may assign 
‘ chance ’ as its cause. 

(r). Postulates refer to the future and anticipate 
further confirmation. “ It is obvious that we 
should gain nof^iiiig by assuming that in 
future the course of experience will be sucii 
as to defy causal analysis ”. 

(r/\ One serious objection to the principle of 
Causation is that the causal succession can 
never be said to end, and that it lands us in 
a regress^is ad iufinituvL Tliis objection 
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vauLshes only wlieii we treat- CaiKsatiun a.s u 
]^:)stulate. * Cause * and ‘ Eflect ' are both 
selections made for hinmiii pur|)oseB and 
inierests; hence we eon stoj) anywhere — as 
soon as we arrive at a ' eauso that answers 
tlie purpose of our inquiry. In this way 
there is no infinite regress po.ssible. 

/34. Aristotie^s Analysis of Causation. — We have dis- 
cussed the doctrine of Causation in its several aspects 
and have examined various definitions of ' cause \ One 
thing is evident : there is no agreement, even in sciences,, 
as to the sense in which the term ‘cause' is to he 
understood. A cause may mean any of the following : — 
O'). An antecedent, ejj., lightning may l)e said to 
be the cause of thunder; striking the hamiiKu* 
or pulling the trigger, the cause of gunshot. 
(ii), A consequent, e,g., 1 take exercise for tlie 

sake of iny healtli ; health is therefore the 
cause of taking exercise. Similarly pros- 
pective pleasure is the cause of my attendance 
at a theatre or a musical concert. 

(iii). A law, e.g,^ gravitation is the cause of the fall- 
ing of bodies or of their weight. 

A power, e.g.^ a running stream may be utilised 
as the power to turn a mill. Similarly a 
waterfall may be utilised in geueraung 
electricity on a large scale. 

(/’). A person or agent, c.g., a carpenter is the 
cause of the furnitiue that he makes; a 
sculptor is the cause of the statue that he 
carves out of stone. 

(r/). An identity, e.g., ornaments are made of gold 
and not of clay ; earthen jars and pots are 
made of clay, not of gold. 
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Aristotle was aware of tliis confusion in the meaning 
of the word 'cause’, which he Adewed in general as some-' 
tliiiig which positively contributed to the existence of ; 
something else ; and in order to remove sucli ambiguity ; 
lie made an attempt at a logical analysis of causation. 
He distinguished four kinds of causes ; vi:., Formal, 
AIatkiual, Efficient and Final. The first two are known 
as intrinsic, since they enter into the constitution of the 
thing itself, while the last two are termed cxtQ'bisic. The 
four causes may be illustrated in the typical example of 
a statue. The /omai cause of the statue is the conditions 
which coiistitute it, the form or type in the mind 
of the sculptor; the mnfmhZ cause is the matter of wdiich 
it is made, marble, bronze, etc. ; the efficient cause is the 
sculptor himself, the power wdnch changed the marble into 
a stataie ; and the ymr?/ cause is the end for ydnclpt^^ 
was made, r.ry., honour, profit, etc. The same applies to 
every material thing. Take this book on Logic : formed 
cause — the idea of tlie book in the mind of the author ; 
nmterial cause — paper; efficient cause — the anther himself; 
and pned cause — literary fame or financial success. 

Now, wlieii tlie book is completed, the efficacy of tlie ? 
eficienf and mial causes is at an end. The book has 
become wliat it ivS, through tliese causes, but tliey are not 
iieeessary for its mere existence. The hook may exist 
when the auUior is no more, and, also, after the end in 
view is realised. Hence, these two causes are called 
e^ctrhhdc. The other two causes, howevei^, riz,, the formal 
and the material, may he called the causes of the being of 
a thiiig.^ Without the operatjon_6f jitTm^^ of these causes, 
the effect would cease to exist. If the shape of the 
]x)ok is destroyed and it ivS reduced to pulp — Le., if the 

^ Tins distinction was recognised in Scholasic Logic as that 
between the enusa in iieri (cause of becoming) and the cama in esse 
(cause of being;. 
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formal cause ceases — the book will no longer be a book. 
And, if it were made of material otlier than paper it 
would also no longer be a book. With tliis distinction in 
view, it is easy to understand the mean ing of the Scholastic 
mying “ Oe>ssante causa, cessat efffxtus’V when the 
jause ceases, the effect ceases. 

Mill criticised it in the following passage Yet 
Ghere were at all times many familiar instances of the 
continuance of effects long after their causes had ceased. 
• * • A ploughshare once made remains a ploughshare, 
without any continuance of heating and hammering, 
and even after the man who heated and hammered it, 
has been gatliered to his fathers.’’ This shows how 
Mill failed to understand the Aristotelian doctrine. Heating 
I and hammering were necessary hefore the ploughsliare 
! was brought into shape, not after it has become a 
\ ploughshare. The man who heated and hammered it is 
also no longer required. But the material and the 
formal causes are necessary for the continiiance of tlie 
effect. The ploughshare would cease to exist as such, if 
it were not made of iron or if it lost its specific 
shape.^ 

The Aristotelian distinction is also helpful in several 
other ways. For instance, when we speak of the 
reciprocity of the causal relation, we are not to mix 
up the formal and the efficient causes. It is the 
formal cause to which reciprocity applies : wherever 

^ Joyce also considers this example in bringing out the error 

! in MilFs statement and says : A thing “ becomes what it is through 
the final and the efficient causes. But as soon as we can say of it 
that it is, it depends on them no longer : their work is at an end. 
On the other hand, the material and formal causes are what make 
it to be a ploughshare Had it been made not of iron, but of 
some yielding substance, it would not be a ploughshare at all ; and 
if it should be melted down and lose its shape, it would cease 
to be one.” op, cH., p, 247. 
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.such causey exists, the/eftect must also exist, and vice versa. 

As Joseph observes If with Aristotle we call the 
conditions which constitute anything the formal cause, 
and the e.vent whose occurrence brings those conditions 
into being when they had previously not all of 
them existed, the eficiemt cause, we may say that the; 
formal cause reciprocates or is- commensurate with the ? 
phenomenon (as indeed anything must which can in 
any sense he called the definition of it : and the 
conditions into which it can be analysed may be called its 
dehnition) ; while the efiicient cause seldom reciprocates.”^ 

Aristotle’s fourfold distinction is also useful in 
defining terms. Thus we have Causal Definitions — those 
that define by. indicating either {i) the final cause, 
or (if) the efficient cause. For instance, we define (n) 
a Pistol as a small weapon used for firing at a short 
distance; an Electric Fan as a mechanism with two r- 
or inore blades pised as a comfort in the hot weather ; £ 
(&) Ague as an illness caused by the Plasmodium, mnlarvr 
reaching the blood direct through the bites of mosquitoes, 
or indirectly through infected water or air. Essential | 
Definitions are, on the other hand, formed by the formal j 
cause,- by stating the genus and the differentia; and ' 
Genetic Definitions are constructed with reference to ■ 
the material cause. 

15 . Threefold Distinction of Causality in Hindu 
Logic.-“In Hindu Logic we have a threefold distinc- 
tion of causality. Causality is a redation ( ), and 
may he viewed as Intimate or Coherent ( ), 

Proximate or Non-Coherent ( ), and Instru- 
mental ( ). The first kind may be illustrated in 

^ Joseph, op. p. 451. 

“ cf. our- El emenfs of Deductive Logic ^ p. 68 ; Joyce, op. ctf , 
pp. 156-158. 
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the case of ‘threads and cloth’: if there is no thread 
there is no cloth ; ‘ thread ’ is the intimate cause of cloth 
Similarly clay is the intimate cause of jar, pot, etc., 
wood, of table, chairs, etc. Evidently it corresponds to 
Aristotle’s '' material” causa The second kind, viz., 
Proximate or Non- Intimate cause, may be illustrated 
by saying that without the conjunction of the two 
halves of a jar, ajar cannot come into existence. Similarly 
threads might exist but they cannot produce cloth unless 
they are put together and arranged in the proper order. 
This cause is lyroximate to the Intimate cause, and is 

known as . We have nothing in Aristotle’s 

classification exactly con*esponding to this ‘conjunctive ’ 
function of causality. But as the conjunction of the two 
halves of a jar, for instance, is a necessary step for 
giving the proper /om- to the effect (the jar), and as 
Proximate cause is ‘intrinsic,’ we might compare it witli 
Aristotle's Formal Cause. It depends on the way in 
which we view tlie sense of conjunction. The third kind, 
m*'., Instrumental Cause, is illustrated in the weaver s 
loom or shuttle, without which cloth cannot be produced, 
although we may have threads and their ‘ conjunctioir . 
In modern times handlooms have become curiosities, 
and cloth is prepared by machinery. In that case, the 
machinery itself would be the Instrumental cause. But 
even a machine cannot start itself, some agent is neces- 
sary for that purpose. Hence tlie agent may also be in- 
cluded under the Instrumental cause. Aristotle’s Efficient 
Cause may, therefore, be placed under this category. But. 
in Aristotle such causality rests in liuinan skill or the 
agent himself, while in Hindu Logic the Instrumental 
Cause may refer to several other things besides, as we 
have illustrated above. In illustrating the Instrumental 
cause, we may also take the stock example of the ‘jar.’ 
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Wiiile clay is its material cause, the conjunction of its two 
halves its proximate cause, the stick 

witli which the potter moves his wheel, is said to be its 
instrHnien.tal This kind includes all tliings Oi6*^rw- 

ill the production of an effect other than those 
(iovered by the Material and the Proximate causes. In 
tliat sense, Aristotle’s lifficient and Pin al causes may all 
be included in the ‘ InstnimentaU (■prfe‘=^) cause of the 
Nyaya-Vaiseshika school. Like Aristotle’s ‘Efficient’ and 
‘Final,’ the Instrmnental Cause is extrinsic and does not 
enter into the constitution of the effect produced. Thus 
an effect may survive the destruction of its Instrumental 
cause. F"or instance, after weaving a piece of cloth, the 
loom may be thrown into lire, or the weaver himself might 
die — still the cloth as such will continue to exist. On the 
other hand the effect necessarily ceases with the destruc- 
tion of either of its ‘ Material ’ and ‘ Proximate ’ causes. 

Towards the end of Kanada’s Vaiseshika-Darkma, 
we have a further exposition of the three kinds of cause. 
The question is taken up : how do we know that a sub- 
stance is an Intimate (Coherent) cause ? The answer is 
that such knowledge is derived from the eo-iiiliesion of 
the effect, ix., substance is intimatehj related to effects, 
vi;;., compound substances ('SfW), qualities and actions 
Tlius the Intimate Cause must always refer to a 
svlsiance ; it can therefore be called the ‘ Material ’ cause. 

As regards the second kind, viz., the Non-Coherent or 
Proximate Cause, Kanada explains that such causality 
resides in action ( Wfi ), that actions are Non-coherent 
causes.- It is through eo-herence in the co-herent 

' Kaurida's sutra : (X. 2 . 1 ). 

-of. ’TOTOTg ^CTltf^Sr” (X. 2. 3). Here the word 

means 
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cause that such causality is recognised.^ It is therefore 
' Proximate ' witli reference to the Co-herent cause. 
Then, again, Non-Colierent causality resides in (pialitj! 

as well, since qualities eoinliere in the same 
substance.^ The last kind, tv:,, the Instrumental or 
Ehicient Cause, is illustrated by him in the production 
of colour, etc., by baking on tire. Tiie diHerentiating 
cliaracter of tire, hr., heat — which is a special 
attribute of tire — is (through co-inherence with tlie con- 
junct) the Efficient cause of colour, etc., produced by 
baking.^ The general definition of this 
kind of cause is a cause otlier than the Co-inherent 
(Material) and Non-Co-inherent causes. 

15, Principal Theories of Causation in Hindu Logic. — 
We have already discussed the view^s of Causation as 
sequence and coexistence respectively. It may be of some 
interest to see how this problem was treated in Hindu 
Logic. The Nyaya-Vaiseshika systems of Gotama and 
Kanada adopt the empirical standpoint, while the Sankhya 
and the Vedanta of Kapila and Vyasa elaborate the 
idealistic point of view.*^ Thus there are tw^o principal 
theories ; the one maintained by Gotama and Kanada 
is known as ' the doctrine of the non-reality of effect * 
(Asatkaryavada that of Kapila and Vyasa 

as ‘ the doctrine of the reality of effect ’ (Satkaryavada 

‘ cf. (X. 2. 5)» /.e., Con junc- 

tion through <^o-inhereuce iu the Co-inhereiit cause is the Non- 
coherent cause of an effect, such as a piece of cloth. 

“ ef. “ 5^5^ (X. 2. 7). 

^ Each of the Hindu Sy, steins of Philosophy contains Logic, 
along with Epistemology, , Metaphysics, Psychology, etc. cf, our 
EUmenU of Deductive Logic, Appendix II. p 
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is a very brief statement 


The following 


of' these 'Views . 

Kanada and Gotama’s EmpiricalTheory of Causation : — 
TIi£sis : (hum and Eftect stand in the relation of 
sequence and can never be identical ^ 

' Proofs : — , 

(1.) Cause and Effect appear in our consciousness 
as separate ). We never 

identify a piece of cloth with the threads 
of which it is made. When so made we do 
not look upon it as threads arranged in. a 
certain order’ but as ‘cloth/ So too, a 
jar is not identical with its caiiBC clay. 

(2) Tliey are denoted by different words ( ). 

No one speaks^ of ^ threads’ as ‘cloth’, and 
vice versa. 

(3) Their functions are different ( ). Only 

a jar and not a lump of clay can be used 
for carrying water ; and a wall can be built 
of clay and not of jars, 

(4) They are characterised by sequence in time 

( )• Cause is always the antece- 

dent(-^^^^i^) and Effect the consequent 

This is taught by our everyday experience. 

( 5 ) They are distinguished as to their form 

Clay exists in clods and lumps, but its 
effect, the jar, is round and hollow. Pjesides, 
the jar may be destroyed, while the clay con- 
tinues to exist. 

(6) Also as to their number ( 

threads produce one piece of cloth. 
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(7) If cause and effect were identica.l, the efficienev 
of the Agent in bringing about an effect 
would be useless. Without the instni- 
mentality of the i^otter, clay will newM' 
mould itself into the form of a jar. 

The fundamental point of controversy is diseusst‘(l 
as follows — 

Asat-karya-vada : The effect ( ) is iiuti- 

existent ( ) before its ereatiom 

The activity of an agent creates a kind 
of new effect from the cause, in which it 
did not exist before the operation of the 
agent. For instance, a jar, although inade 
of clay, is non-existent g?ia jar before the 
potter moulds the clay into this form. The 
potter creates a new effect ( ) from the 
clay Hence, prior to its production, 

the effect as such is noji-cxisttiif } This view 
is rejected by the idealistic school : — 

Sat-karya-vada: Tlie effect ( ^4) does exist ( ^ ) 
even before its manifestation as such, (uiiise 
and Effect are identical. 

^ This is the doctrine of the Nyaya- Vais’eshika. cf. Kanada's 
sittra vIX.T,!). which means ‘‘An 

elfect is non-existent before its production, since actions and quali- 
ties are not asserted of it.” Tf the effect were existent during that 
time, actiouvS and qualities would be predicated of it, as they are in 
the case of an effect after its production. But there is antece- 
dently no such assertion of qualities and actions, as is after the 
lu’oduction, ejf. of the jar, such as ‘ the jar is at rest \ ‘ the jar is iu 
motion ‘ it is of a black colour’, etc. Hence the Idealistic 
Doctriue of the pre-existence of an effect in its cause must be 

rejected. Thus ^ ^ 
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Non-existence can never be transferred into existence. 
If the effect were absolutely non-existent before its 
production, it could by no means be brought about. We 
can, for example, extract oil from mustard-seeds, but 
tiever from sand. Every effect exists potentially in its 
material cause, and is only manifested as such through 
the activity of the agent. The jar in question exists in 
(day even prior to its being moulded as such ; the 
potter’s activity is only a suitable {jccasioii for its 
manifestation as a jar. Being and Non-being are 
not mutually reciprocating : one cannot be transformed 
into the otlier.^ 

Tlie Empirical school would again reply : — Asat-kdrija- 
V(hla : The abova ai'gument is unsound. If the etiect 
exists in the cause prior to its production as such, the 
agent’s activity would become quite purposeless. If it 
is said in reply tliat such activity is directed towards 

the vwiiifestatioii of the effect whicli is 

latent in the cause, it means that in addition to the 
effect “jar”, auotlier effect, viz., “manifestation” has 
also come into being through the agent’s activity — in 
case it is denied, it is impossible to perceive the 
nianifestation of the jar. Well, then, this will lead us 
to an infinite regress, since we can demand “ manifesta- 
tion ” of “ manifestation ”, and again a “ manifestation ” 
of tl)at, and so on. If pii the other hand the “ maiii- 
festation ” of “ manifestation ”, is denied, then doubtless 

sraj-gsRnr wwit Hrrofe 

111 this way the antecedent non-existence ( ) of '^'2^ is 

proved. This sums up very briefly the Nyaya-Yaist'ishika stand- 
point of Causality. 

^ Neither non-existence is brought into being nor is existence 
ever made non-existence : “ 

also cf, (Gita) 



Sat"karya-vada.~ But there is no special law regulat 
iiig tlio “manifestation” of the jar through tlie agent' 
activity. For instance, a lamp, whicli is adinittetlly tin 
agency hy wliich tlie forms of various ohjects an 
manifested in a dark room, observes no s]>ecia] rule in it: 
fipenition — anything that is near it is manifested— 
similarly the potters aeddvity is not necessarily connectct 
siinply witli the manifestation of tlie jar : while tin 
aet-ivity is t)resent. tlie form of tiie jar is itself manifeste' 
out of the clav. Hence, the effect is identical wit' 
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{u) Nature repeats itself : it is always uniform. 

( iii) Tile future will resemble the past. 

Nature is governed by Laws. 

Now, is it true to say that Nature is uniform? In a 
sense, Nature is never nniforni. It is a eonlinuous ilux, 
an uninterrupted How of happenings, wliose movement 
cannot be arrested at any point even in thought except 
by picturing a false view of it. The cinematographic 
representation of the process of change is entirely false 
and misleading. No two movements are ever alike, no 
two men are alisolutely siinilai’, no two ]ea\’es or pebbles 
are an exact prototype of each qtlier, the past never 
repeats itself, and you cannot jump in the same river 
twice. That is perfectly true so far as it goes, but mar 
change cannot explain the phenomena of nature ; it 
cannot exist except on the basis of idantiiy. If change 
'weve the ultimate fact, and no identity existed, nature 
would be entirely witliout any system or law’, and at 
every step we should be confronted with novelty. For 
want of identity all recognition would be impossible; a 
brother will not be able to recognise his brother, the 
father his son: water which is cold now may burn my 
finger at the next moment ; and all knowledge woiihl be- 
come impossible. The fact is tliat change and identity 
are relative terms. With mere change the universe Avould 
be a place of mere surprise and novelty, and with bare 
identity it would ])e a block universe, lifeless and petrified 
as it were. Thty;e is identity in change— 
identity. The general conditions in wliieii change realises 
itself do not change themselves ; if they did, the very 
notion of change would vanish. The past does not 
repeat itself in the absolute sense ; since an absolute 
recurrence of facts is impossible. From the standpoint of 
Absolute Idealism the distinction between past and 
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luUire docs nol iKjld ; they belong to one sydan. What 
the Principle of Uniformity inaintains is tliat su far as 
things are qnalitatively the same they have the same 
attributes, and so far as conditions ])]‘eeisely the- sanm in 
kind occur, they must, if there is such a relation as 
cause and effect at all, liave the same effect.’ As Josefdi 
aptly remarks : — To suppose that the same cause — 
other things being equal — can have different effects on 
two occasions is a,s much as to suppose that two things 
can he the same, and yet, so far their attributes 
different”.^ 

"Without the assumption of Uniformity, the organisation 
of all our knowledge and experience would l>e impossible, 
and the universe would be unintelligible and irrational. 
Mach makes the following observations on this point : 

“ In the infinite variety of nature many ordinary events 
occur; wliile others appear uncommon, perplexing, 
astonishing, or even contradictory to the ordinary run of 
things. As long as this is the case we do not possess a 
well-settled and unitary conception of nature. Thence is 
imposed the task of everywhere seeking out in the 
natural phenomena those elements that are the same, and 

^ op. cif. p. 878 : — ‘*To say that the same thin? acting on the 
same thing under the same conditions may yet produce a diffex'ent 
effect, is to say that a thing need not be what it is. But this is 
in flat conflict with the Law of Identity. A thing, to be at all. 
must bQ something, and can only be what it is. . . It may be 
replied that no two things ever are the same, and that no one 
thing ever is the same for two suc(^essive moments. The fact of 
change is not rJisputed, nor the diflBculty of finding two things 
that are qualitatively the same. But if the effect of the second is 
different, that must be because of its qualitative difference from 
the first, and not merely because it is a second ; and so far as it is 
qualitatively the same, the effect must be the same also : It being 
understood of course that to sameness of effect qualitative 
sameness is equally necessary in all the material conditions. To 
deny this is to deny the possibility of reasoning altogether.” 
(iluL) 
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that [lolid all rniiltiplieity are ever present. By this 
means, on tlie one hand, tlie most economical and briefest 
description and coniiminieation are rendered possible : 
and on tiie otlier, when once a person has acquired the 
skill of recognising these permanent elements throughout 
the greatest range and variety of phenomena, of seeing 
them in the same, tins ability leads to a mnpvelumsire, 
consistent, md facile conception of facts. When once 
we have reached the point where we are everywhere 
able to detect the same fm simple elements, combining 
in the ordinary niainier, tlien tliey appear to us as things 
that are familiar ; we are no longer surprised, there is 
nothing new or strange to us in the phenomena, we feel 
{'it liome with tlieni, they no longer perplex us, tliey 
are explained. " ^ 

17. Mill on the Uniformity of Nature. — Mill holds 
tiiat the Principle of the Uniformity of Nature is implied ^ 
in all inductive inference. He writes: — “We must first} 
observe that there is a principle implied in the very 
statement of wliat ludnctioii is ... namely, that what 
happens once will, under a sufficient degree of similarity 
of circumstances, happen again ” (Bk. III. Ch. 3 §1). He 
further tells \is “ Every induction may be thrown into 
the form of a syllogism, by supplying a major premiss. 
If tliis be actually done, the principle whicli we are 
now considering, that of the uniformity of the cause 

‘ JMach, Science of Mechanlcf^, Eii^. trans,, pp. 5-0, quoted bv 
Welton. op. cif. ii., p. 9. 

On the various interpretations of Uniformity of Nature 
see also Bosanquet, Logic, I. Ch. YII. There the purely mechani- 
cal, the quasi -teleological and the really teleological views are 
distinguished. T. H. Green, Dr. Bosanquet and seveiul others 
speak of the UnOy of JS-attire instead of the Unlformliy. They 
hold that vnlty implies uniformly. The view is quite consistent 
with Absolute Idealism. 
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of nature, will appear as the ultimate major premiss 
of all inductions/' (iMciy 

According to Mill the tTnifonnity of Nature consists 
of several uniformities. These he divides under two 
heads : (1) of Coexistence, and (2) of Succession. Of the 
first he instances the laws of number and space ; and all 
uniformities which do not come under the second head. 
Natural phenomena coexist in space. The law tliat 
all fluids have buoyancy is an induction of coexistence ; 
so also the law that all metals are good conductors 
of electricity. This means in general that the attributes 
of a thing coinhere in it, or coexist with it. Water has 
certain properties ; wherever there is water, the proper- 
ties will also be there — this is a uniformity of co-existence. 
Then again, in Geometry, for instance, we liave tlie truth 
that any two sides of a triangle are together greater tliau 
the third. Thus wherever a triangle is formed, the law 
will hold good. 

On the other hand, the Uniformities of sSuccession are 
those in which a certain phenomenon is universally fol- 
lowed by another phenomenon. To these is given the 
name of Causation? According to Mill, therefore, 

^ Whately also declared that every induction was a syllogism 
with the major premiss suppressed ; and, when supplied, the major 
premiss lays down : ‘ what holds true of this, that, and so on, 
holds true of all similar cases/ cf. ''The universe, so far as 
known to ns, is so constituted that whatever is true in any one 
case, is true in all cases of a certain description ; the only difficulty 
is to find what description. [Mill, op. cit. III. ^]. 

^ According to Bain, the Uniformity of Nature may be distri - 
buted under three heads, (1) Coexistence (as Coinherence of 
Attributes), (2) Succession (Causation), and (3) Equality. Induc- 
tion has to deal with these three cases only, and we are further 
told that in the actual working of Induction, we find it to be 
almost entirely absorbed with Causation, Vhle Bain, Lopie ; 
Induction, ch II. 
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Causation is only one kind of uniformity, and is not 
synonymous with the Uniformity of Nature. 

Mill derives the Principle of the Uniformity of Nature 
from experience. He says, the Principle “ is itself an 
instance of induction, and by no means one of the earliest 
winch any of us, or which mankind in general, can 
have made. We arrive at this universal law by 
generalisation from many laws of inferior generality. . . 
As, however, all vigorous processes of induction 
presuppose the general uniformity, our knowledge of the 
particular uniformities from which it was first inferred 
was not, of course, derived from vigorous induction, but 
from the loose and uncertain mode of induction 
emmeraiionem slmplicem.''' ^ 

This means that first we discover ‘ particular uni- 
formities’ as enwnierative inductions, which are, for that 
very reason, bound to he more or less hazardous generali- 
sation, not of much value for science. And then we 
ascend from them to the ‘ general uniformity.’ Thus, . 
Mill teaches that our belief in the Uniformity of Nature ( 
is ultimately derived from observation of facts. 

Put the inconsistencies and difficulties of this position 
are obvious. We have already treated them in connexion 
with Causation. The same objections practically apply 
to Mill’s derivation of Uniformity from observation. 
Mill’s attempt breaks down. The Principle cannot be 
derived in this manner, and if it were an induction itself, 
how could it be taken as the ground of induction. 
Sigwart says : — “ If we had needed merely to open our 
eyes in order to see uniformity in the course of Nature’ 
everywhere before us, belief in the thorough going con- 
stancy of the way in which causes act would not have 
been so slow to arise nor have been still only a- scientific 
d?!., Bk, III. ch. 21 §2. 
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and not a popular belief: nor would tiie tendency to 
make capricious powers, demons and g'ocls, responsible 
for what happens in the universe have been so dia^^ply 
rooted.”^ 

From the Pragmatic Standpoint it is claimed that the 
true meaning of the Principle makes it quite unnecessary 
to assume the task of explaining how it could be deri\’ed 
from experience. The Princi|)le should not l>e taken 
for more than the statement of the iiuhidirr, prohkui, 

' how to find a correct general description for all eases 
to which a given particular inference should be extended ? 
Phu’ther, as Sidgwdek says, the Principh^ mm liardly 1 k‘ 
treated as an axiom, since “it is indisputable only ])ecause 
it carefully avoids making a.ny assertion which can 
be tested in experieiice.”- 

18. Relation of Causation to Uniformity of Nature. — 

Logicians, as a rule, declare these iw’o Laws to be two 
different things. We have already seen how Mill, 
Bain and others look upon Causation as a specie.s of IJnifor- 
tnity ; nr., all causation is uniformity hut not all uniformity 
causation — only that of succession, is s(,). It is usually 
said that the Principle of Causation is by itself in- 
sufficient as the Ground of Production, and rests on that 

^ Sigwart, Logic (Eng. Trails, ii. p. iii.) 

- A . Sidgwick, op dt. p. 12!^, also of. “The Uniformity of 
(.^ausation, though it enunciates a sound methodological rule, is by 
no means the absolute and intractable principle that has been 
supposed. Instead of gnaranteeing the uniformity of events, it 
is the latter which gives it a meaning and a status in the world of 
reality.” — Schiller, op, cit., p. 

“The whole value of the Principle of Uniformity consists in 
i ts furnishing a formula for the extension of our other beliefs 
beyond our actual experience. Transcendeiitalists, indeed, call it 
a form of Reason, just because it is presupposed in all knowledge; 
and they and the Empnicists agree that to adduce material 
evidence for it, in its full extent, is impossible ” — Onrveth Road, 
op, c/t„ p, 2b4, 
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of tlie of Nature. That is to say, we may 

grant that' every event has a cause ’ (Causation), but it 
(ioes not follow from it that ' tlie sauie cause must always 
produce the same effect ’ (UTiifornuty of Nature), and 
tliat 'tlie edect reciprocates with tlie cause ’ (Reeiproeity). 

We, however, hold that the fundamental axiom of 
iuduetioii is tlie Principle of Causation, which covers 
that of Uniforniity of Nature as its coroilary, and that the 
two pin iciples (mnuot be treated independently of eacli 
other. Instead ol* ' Uausation’ resting on tUniforniity/ ■ 
it is the latter wliieh depends on the former. To proven 
our contention we have to point out the serious inconsis- 
tencies that follow from tlie position that ‘the same cause 
need not always produce the same effect, neither may tlie 
same effect be always produced by the same cause.’ In 
other words, we have to examine the ])osition that a 
cause may not act uniformly.^ 

We maintain that tlie very iK>tiou of cause necessarily 
involves the idea of uniformity : that a cause inust neces- 
sarily act iiniforinly. To deny this is to deny causa- 
tion itself. The causal connexion is a necessary con- 
nexion, and therefore a universal connexion also. If A 
and B are causally rehited, it follows that A must 
produce B, and B must be produced by A, If they were 
not neeessaril}' connected, the words ‘ niuM ’ and ’ 

would be emptied of all meaning. Anything would 
produce anything, the universe would be without any 
reign of law or order. If causation did not involve i 
uniformity, no universal laws could be arrived at and) 
generalisation would be impossible. There would be noji 
reason to connect a change with any one rather than 
the otiier thing. The truth is that if A is the cause of 

^ This point has been admirably worked out by Joseph 
o/h rh. p. 380 if. We acrree with him in taking Causation tp imply 
Ihut'ormity mK-essarily, 
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B now, it must be so always. For, as ^Foseph puts it., 
'' if it can be the cause now, and not another time, liow 
am I even to tell whether it is the cause now or not.’’ ^ 

If a cause did notact uniformly, that is to say, if the 
same cause under the same conditions could produce 
a different effect, it would amount to saying that nothing 
possesses any determinate nature, which would contradict 
the Law of Identity. As Joseph observes: '“'A thing, to 
be at all, must be something*, and can only bo what it is. 
To assert a causal connexion between a and x implies 
that a actsas.it does because it, is what it is; ])ecanso, 
in fact, it is a. So long therefore as it is a-, it must act 
thus : and to assert that it may act otherwise on a sub- 
sequent occasion is to assert that it is something else 
than the a which it is declared to be”, Again — 

So far then from the causal character of a sequence 
being derived from its uniformity, its uniformity is 
derived from its causal character. We avail ourselves 
of the uniformity which must characterise causal sequences 
so far as they are repeated, to determine which of the 
sequences that we observe are causal ; and that is why 
the repetition of an event under diversity of conditions is 
of such assistance to us in determining what conditions 
are essential, or material, to its occurrence.” (p. 377). 

The Law of Causation is otherwise called the Law of 

^ op. c\t. p 375. Joseph thus sums up his position. There is 
no need then to distinguish the La^v of Causation from the 
Uniformity of Nature ; for a cause which does not act uniformly 
is no cause at all ; and if we ai'e looking for the }>resuppositions 
of inductive inference, it is plain that the only connexions whose 
existence would justify such inference are uniform connexions. 
But two cautions must be given here. First, it must not be 
imagined that uniformity is the fundamental element in the concep- 
tion of causal connexion, but necemty or lav% Secondly, we must be 
careful not to confuse a conditional with an unconditional necessity.’" 
(p. 376). 
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ITiiiversal Gausatioii, which correctly conveys the idea 
that causation must be universal, and it can possess that 
character only if it operates im^formly. It seems to us a 
contradiction in terms to speak of a cause not acting 
uuirormly : in that case, it could by no means be called 
miL^e at ail. We therefore conclude that the Principle of 
Causation and the Uniformity of Nature are not to be 
treated as two different things : they are identical : the 
only distinction is that the latter constitutes an aspect ne- 
cessarily covered by the Law of Causation. The ultimate 
Presupposition of Induction is, therefore, nothing more 
than the Law of Causation. It is the foundation on which 
all inductive inference rests. It cannot be derived 
from experience but is a form of our reason, presupposed i 
in all knowledge and without which the universe would/ 
be unintelligible. 


SUMMAKY 

Induction is based on generalisation. We have now 
to enquire, by what right we ever generalise from 
experience. 

,/"'The plain answer is that induction assumes the 
existence of necessary and universal connexions in nature 
and is called upon to determine the elements between 
which such connexions exist. 

This assumption is expressed in the Law of Causation : 
‘‘ Every event has a cause,’" This Law is only a special 
application of the Law of Sufficient Reason, and covers 
the Law of Uniformity of Nature (‘‘The same cause 
must always have the same effect ”) and its converse, the 
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Leciprocil y of Cause and Effect (“Every erfeet always 
has the same cause ”). 

Two principal views of Causation : — 

I. Empirical (cf. Mill, Bain.) 

Qualitatively : Cause is the invariable and un- 
conditional antecedent of an event. 

Quantitatively : Cause is equal to tlie Ehect. Tlie 
essence of Causation lies in the trans- 
formation of energy. 

(diusation = Sequence in time. 

Cause ; Effect : : Antecedent : Consequent. 

TI. Tbitionalistic (cb Sigwart, Gi^een, Bradley, 
Bosanquet) Cause is complete ground, lienee 
identical with effect in a system of reality. 

Causation ~ Coexistence. 

In po'pv.lar phraseology, Cause = anything in the 
absence of which a plienomeiion would not come to 
pass; but Cause = tbe sum 4otal o positive 

and negative conditions. 

In tlie former sense, many different causes may, on 
different occasions, jiroduce the same effect. That is 
to say, the doctrine of the Plurality of Causes, is 
consistent with the popular view of Causation. But 
in tlie scientific or philosophical sense,., there is no room 
for it. The same event will always be brought about 
by the same cause. There are many causes of death 
only because there are niauy kinds of death. MilTs 
doctrine of the Plurality of Causes has, therefore only 
an apptmmf validity, and breaks down on scientific 
analysis. The relation between Cause (as complete 
ground) and Effect is ideally reciprocal or reversilde. 

The Plurality of causes must he distinguished from 
the Composition , of Causes . The former maintains 
that the same effect may at different times be i)rodueed 
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by different total causes. The latter means that a 
number of eoiiclitions or partial causes may together 
contribute to produce a certain effect. 

Mill’s Doctrine of Causation — 

( 1 ) Sfatancnl : Cause = the sum-total of conditions, 
positive and negative taken together. 

Causes the invariable and unconditional ante- 
cedent. Causation = Suceessi on in time. 

(2) (Jriticurii : 

(i) Purely ou the basis of experience, tiie future 
can never be predicted. Mill can speak 
of unvaried \ml not UioarlaMc antecedent. 

(ii) For the same reason, lie has no right to 
speak of any unconditional antecedent, since 
tliat would mean an nn warranted leap from 
the mere sequence of phenomena in time. 

i iii) Mill’s phrase “ the sum-total of conditions ” is. 
rather unfortunate : — 

(^7) Because it may indicate a wrong method 
of combining the factors. A better expression 
would be the sum of the conditions 

(/;) Because it is not clear whetlier it is limited 
to relevmit conditions or not. 

1 If it is, it stands in Hat con diet witli Mill’s 

doctrine of the Plurality of Causes, which 
breaks down if cause refers to relevant 
conditions alone. 

2 If it is not so limited, it brings in a confnsiun 

between 'cause' and ‘condition.’ No 
analysis will tlieii be possible, and 
Causation will be a tautology. 

(iv) Mill is anxious to discard* efficient causes’ but 
lie is forced to admit them while speaking 
of tlte unconditionally of the causal connexion, 
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{v) Causation is not mere succession in time. It 
is a continuous process, whose moments are 
not separated by time but in time, ami 
sucii separation is marked Iiy an uhitl line 
only. Mill’s conception of Cause is imperfect. 
He is only aware of discreteness but is liliml 
, to continuity. Causation is not in succession, 
i though it remains through succession. It 
is the ideal reconstruction of a continuous 
process of change. 

Cause as complete ground is identical with Eeason. 
They can only be distinguished in their imperfect stage : 
Cause as a species included in a common genus with 
the incomplete forms of Ground. They are also distin- 
guished as causa essendi and c-ausa cognoscendi respectively. 

Mill derives the Law of Causation from e.vperience 
(by Induction per emmerationem simpliccm). But 
this is open to serious objections — 

1. Induction by Simple Enumeration fails to give 

us categorical certainty, and this is not the 
method used in arriving at scientific generalia- 
tions. 

2. As an empiricist Mill cannot derive universal 

principles from experience, since experience 
can never yield them. 

3. If the Causal Principle is a generalisation from 

experience, i. e., if it is derived by induction, 
how could it be taken as the Ground of 
Induction? Thus Mill commits the fallacy 
of Petitio Prinevpii. 

Causation is, on the other hand, a ‘ necessity of thought, 
a form of Eeason, without which Nature and our 
experience become quite unintelligible. It is not derived 
from experience, but its validity is shown by its appliea- 





PHESUPPOSITIONS ■ OP. INDUCTION 


91 


tioii to experience. It is an a priori principle, self-evident 
to oiir reason. 

Fi'oni the Pragmatic standpoint, Causation is merely a 
Postulate, and not a self-evident axiom. It is claimed 
that this view accounts for the distinction between 
msaul and carnal succession, and combines the strength 
and avoids the weakness of the two rival theories. 

Aristotle distinguished foiir causes of every material 
thing : e. //., the causes of a statue are : — 

/'formal cause — the form in the mind of the sculptor, 
‘j material cause — the matter of which it is made, 
= { e. g., marble. 

s [eliieieiit cause — the sculptor himself. 

^ ifinal cause — the end..ior which the statue was made. 


a 

‘aa 


X 

r-r-'' 


111 Hindu Logic three kinds of causes are distin- 
uished : — 

1. ‘Intimate,’ ' Coinherent/ ‘clay -jar, 

‘ thread-clotli,’ etc. Corresponds to 

Aristotle’s “ Material ” cause. 

; 2. ‘ Non-intimate,’ ‘ Non-coinherent/ ‘ Proximate ’ 

( ), e.g., conjunction of the two 

halves of a jar produces a jar, conjunction 
of threads .produces a piece of cloth. No 
V corresponding notion in Aristotle. 

I 3. ‘ Instrumental,’ ‘ Operative ’ (fiffiT^) e.g., ‘ stick- 

J jar,’ ‘ shuttle-Cloth,’ etc. Corresponds 

] to, but includes much besides, ‘ Aristotle’s 

^ “ Elticient ” cause.’ 


The Law of the Uniformity of Nature, which says 
tiiat ‘ the same cause will, under like conditions, always 
produce the same effect ’ is not, to be treated as an 
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aildilioual aiul separate ground of luduclioii. It is 
covered by the Law of Causation. Tlie causa, 1 relation 
is liv iveysal imd necessary. If the cause did not oiiorato 
uuifonnly it would coaso to be cuiiso . 

The ultimate Ground of Induction is, tlierefore, tlie 
Principle of Causation, 


Questions and Exercises 

1. W had are the Presuppositions of InductioiC? 

2 . How is the Law of Causation related to that of 
Sufficient Eeason ? 

Wliat variety of rneaning has been assigned to the 

word Cause ? , . 

4. Distinguish between the popular and the scientitic 
notion of Cause. Can you account for the divergence 
between the two views ? 

f), ‘‘ Every phenomenon has a cause Discuss the 
meaning and origin of this principle. 

G. In what sense is the word Cause used in 

(i) Every cause has an effect; 

(ii) “ The cause is equal to its effect;’ 

(iii) The cause is the effect.’’ 

7. Critically discuss Mill’s theory of Causation, ami 
compare it with any other you know of. 

8. Discuss the junposition tliat the cause invariably 

precedes the effect. 

9. What is the attitude of recent discussions on 
logical doctrines towards Mill’s theory of causation < 

10. Bring out the implications of Cause as the 
sum-total of positive and negative conditions taken 
together. 
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11. “ A cause is an effect concealed : an eilect is a 
cause revealed”. Exainine this statement critically. 

12. Discuss the relative merits and significance of 
(Aausation as (a) sequence, and (Z)) co-existence. 

13. Wliat is meant by saying tliat cause and effect 
a.re only ‘‘ two aspects of one phenomenon”? WJiat is 
tlic bearing of this view on tlie doctrine of the Plurality 
of Causes? 

14. State Mill’s doctrine of tlie Plurality of Causes. 
Distinguish between ' Composition ’ and ‘ Plurality ’ 
of Causes. 

15. Conuneut ou the following statement: — “As 
often as the same circumstances are repeated, llie same 
effect will follow, yet when the effect is the same we 
cannot infer that tlie cause is tlie same too.” 

IG. Distinguish between — (a) Cause and Condition; 
(b) Cause and Keason (Ground); (e) cavm rsscvrll and 
causa cor / 11 os CemJi. 

1 7. Distinguish the quaUtrfiive and rjuanf iiatire aspects 
of Causation. Pring out the meaning of Causation as 
Conservation of Energy. 

1 8. Ccssante causa, cessed effedusy Explain. 

1 9. Comment on the following views : — 

{a) “ Here all tilings ahvays seem the same.” 

{h) ISTature is a constant How. No two things are 
ever alike. 

20. Distinguish between tlie uniformities of succes- 
sion and those of co-existence. 

21. Critically examine Mill’s Proof of the Law of 
(.■ausation from (1) the rationalistic, and (2) the prag- 
matic standpoints. 

22. In what relation does the Principle of the 
Uriiformitw of Kature stand to the Causal Principle ? 
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OBSERVATION AND EXPERIMENT 


1. Analysis of the Given. — ^Before we consider certain 
well-recognised iriethods of establishing causal connexion 
between phenomena, it seems necessary to speak of two 
of the several operations without which inductive reason- 
ing cannot proceed — Observation and Experiment. 

Induction guides us in the discovery of laws from a 
close examination of facts. But at a first glance nature 
does not present us anything like ordered and sys- 
tematically arranged phenomena ; we have only a chaotic 
mass of facts. There is no possibility of escaping such 
chaos except by an effort of the mind to put order and 
system after a close scrutiny. Our faith in teleology, 
our deep-rooted conviction in the regularity and rational 
order of Nature compels us to regard chaos as only 
apparent and we are called upon to analyse the given 
facts W'ith a view to discover law and order. Facts 
or phenomena cannot yield their own explanation ; it is 
the mind which can interpret them. Before it is possible 
"to discover laws, the Given is to be carefully analysed. 
The object of such analysis is, in the first place, to 
distinguish between relevant and irrelevant facts in any < 
scientific investigation, and secondly, to find out the | 
invariable and necessary circumstances under which the ] 
phenomenon under study occurs. 

The sifting of the relevant from the vast -mass of facts 
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presented to us for examination impl^ select ion.. We 
have to isolate those elements which are relevant to the 
inquirv in hand and confine our attention to them. 
Without this no progress in knowledge is possible. 
Even this simplest act of perception involves selection. 
Well, then, in our analysis of the Given we first of all 
Iniiig together out of the totality of presentation only 
those fa,cts that are relevant to our purpose so tliat we 
may later on confine our attention to their interpreta- 
tion alone. This defines for us the facts we liave to study 
and is the first fundamental step towards the discovery 
of causal connexions. 

The next step we take is the elimination of those 
circumstances under which a certain phenomenon 
necessarily occurs. To determine tliat we should also 
have to find out the circumstances under which we might 
have expected the plienomenon to occur, yet it does not 
occur. This negative operation will make us doubly 
sure as to the circumstances which are absolutely 
necessary for the production of a phenomenon. Elimina- 
tion is one of the most important operations in Induction 
and we shall Imve occasion to speak of it further under 
the Experimental Methods. Suffice it to say here that 
we must be very careful in this part of our analysis : 

; we must not omit any circumstances under which a fact 
\ appears, otherwise our further inquiry as to which of 
them is causally connected with the phenomenon 
studied may be vitiated. 

The first steps in the analysis of the Given, are taken 
by the operations known as Observation and Experi- 
ment^ — which are usually described as two different 
modes of interpreting Experience. 

^ “ Observation and Experiment are the materh.il ofrounds ef 
Induction” (ihe formal ground being the Principle of Causation) — 
Carveth Read, op. p. 101. 
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2. Observation. — (3bservation is one of the processes’ 
by which we obtain knowledge of natural phenoiueiia. ‘ 
It requires uii exercivse of our senses,, iiiasnnich as ,we have 
to note the facts as tliey occur. AYe cannot, Ijowever, 
note> the c<.)untless facts presented to us by nature every 
moment : what we observe is determined by our own 
interest and purpose. Hence, Observation is always 
sdeotive. The same work of art will appeal differently 
to an artist and a layman. The former will discover in 
it much more than the latter. A student of physics will 
study a rainbow differently from the boy flying the kite. 
He will be interested in the formation and amalgama- 
tion of the seven colours, etc., while the other boy will 
notice tlie phenomenon in passing and feel no interest in 
the arrangement of the colours, red, orange, green, blue, 
yellow and violet. Similarly, the phenomena of wind, 
rain, dew, lightning, etc., will be observed differently by 
different people. He who is equipped with moi^e know- 
ledge will be able to discover more in the same pheno- 
menon, and what precisely he will note will be determined 

Observation is also made, as a rule, _iu the light of 
some hypothesis. We first select a certain phenomenon, 
mark it off from its antecedents and consequents, frame 
a hypothesis as to the antecedent with which it is/ 
causally connected, and verify the hypothesis by means! 
of further observation. Man cannot gaze at a thing or 

a phenomenon with a vacant mind : he i.nus’b needs 

exercise his intelligence. Although he sees with his 
eyes, hears by his ears, he interprets his sensations all 
the time. The senses are only the instruments employed 
by the mind for the acquirement of knowledge. Not 
they but the mind itself ob serves . All observation is, in a„ 
sense, in anwgr tp a certain hypothesis. No perception 
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is possible without interpretation which implies inference. 
There is, therefore, implicit inference iinolved in all 
observation. 

JUitj from tliis very fact, a danger arises : oiir observa- 
tion may be initiated by Mas, and the facts ohsei ved, liy 
us may tlms be wrongly inteipreted. Sometimes we 
read onr own thoughts into our perceptions. Sometiines 
the investigator may fall into another danger, -im., inferring 
non-existence of a phenomenon from its non-oiiservation. 
We shall speak of these errors under Fallacies ” in 
Chapter X. ' 

3. Experiment. — This is another ])roeess accessory 
to Induction and its fv.netion is the aocinale dedennina- 
tion of causal connexions in phemanena under etmditions 
o^•er which we have control and which we can vary, 
jin Observation it is not always possible to simplify the 
^ condilions and acquire a control over tliem.^ But in 
Experiment we endeavour to produce a similar phenome- 
non under simpler conditions, which we can vary at will. 
Thus we can easily produce the seven colours of the 
rainbow by means of a spectiinn, and obviously spectral 
analysis is much more practicable and much easier than 
the analysis of a rainbow. Tlie rainl»ow may appear for 
a few minutes only : it will not wait for the completion of 
our observation or analysis, and we cannot produce it at 
will But by means of an experiment with the Spectrum 
we can produce the same plienomenon and study it with 
ease and leisure. 

Observation may be carried on sometimes even witlioiit 
any reference to any hypothesis, but Exptu-iment is 
necessarHy an a^^ to, ox a verification of, a hypothesis. 

^Sometimes Nature hei'self produces special coiididoiis favouraVde 
to the study of a phenomenon. These are called Natural Experl’ 
menu. For instance, an , eclipse of the moon shows the shape 
of the earth to be round. 
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There must be some suggestion, or supposition, whose 
truth or faJsity we may be called upon to discover by 
means of Experiment. 

4. Relation of Observation and Experiment. — It is 
usual to disiinguish Observation and Experiment as/ 
‘Vi^assive ” and Active experience.^ We shall presently 
show how incorrect this distinction, is. We may refer 
here to tlie following famous quotation from Ilerschers 
I^elim inanj Disco a rse on the Shuly of Natural Dh ilosopliy, 
pp. 7()”77 

To these two sources (Observation and Experiment) we 
must look as the fountains of all natural science. It is 
not intended, however, by tims distinguishing olrservatioii 
from experiment to place them in any kind of contrast. 
Essentially they are much alike, and differ rather in 
degree than in kind; so that, perhaps, the terms passive 
and adive olsercation might better express their distinc- 
tion ; but it is, nevertheless, highly important to mark 
the different states of mind in inquiries carried on by 
their respective aids, as well as their different efiects in 
promoting the progress of science. In the former we sit 
still and listen to a tale, told ns perhaps obscurely, 
piecemeal and at long intervals of time, with our attention 
more or less awake. It is only by after-rumination that 
we gather its full import ; and often, when the opportunity 
is gone by, we have to regret that onr attention was not 
more particularly directed to some point which, at the 
time, appeared of little moment, but of which we at 
length appreciate the importance. In the latter, on the 
other liand, we cross-examine our witness, and by 
comparing one part of his evidence with the other, while 
lie is yet before us, and reasoning upon it in his presence 

^ '' Observation is iiassive experience. Experiment is active 
experience '’—Stock, op. cit. p. 160, ■ . 
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are enabled to put pointed and searching (jueRtions, the 
answer to which may at once enable us to make up our 
minds/' 

Thus Observation and Experiment are eompanHl as 
follows : — 


OBSERVATION 

EXPERIMENT 

1. 

“ Passive ” experience. 

1. 

” Active ” experience. 

2. 

Under nature’s conditions 

2. 

Conditions nmlor our own 


(natural). 


c<vntrol Ouniticial). 


Conditions in variable. 

d. 

(conditions can be vurituj. 

4. 

Conditions may never be 

4. 

Comlitions I’cpriMluced at 


repeated. 


will. 

5. 

We are slaves of nature. 

5. 

We are nnisters of nature. 

(■>. 

''rhe |)henomenon to be 

(L 

The phenomencm to 


studied can hardly be 


be studied can be 


isolated. 


isolated. 

7. 

Has a wider scope. 

7. 

Has a narrower scope. 

8. 

Less precise and subtle 

8. 

More precise and subtle 

vlf. 

than Experiment. 


than Observation. 

From effects to causes. 

9. 

From causes to effects. 


Where experiment is possible it is decidedly superior 
to observation as an instrument of discovery. But 
unfortunately it cannot be applied to all departments 
of nature. For instance, in Astronomy, Geology, etc., 
we have more to watch the course of nature than to 
institute experiments. In sciences of the human nature 
also experiment has very little scope. 

Experiment has, however, the following advantages 
over observation : — 

1. "We can vary the circumstances at will and 
produce several suitable instances of the phenomenon 
under study. 

2. We can isolate and control the phenomenon by 
simplifying the conditions. 
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o. We call produce new pto similar to those 

foumi ill nature. ^ 

5. Obsemtion Essentially Active.- We liave already 
alluded to the eominon distinction between observa- 
tion and experiment as passive smd active operations. It 
is said that in the former the mind is jiassive ; it simply 
receives a certain information about the phenomenon 
under study, but in the latter it is distinctly active. 
Now, this distinction is doubtless erroneous. It is based 
on, a false theory of knowledge, viz,, the passivity of 
tlie mind. The truth is, as josychology has convinced us, 
that the mind is never entirely ‘ passive.’ It may be 
passive in the sense of ‘ assmiilation but there is no' ' " 
mental state in which the mind does not work. When* 
we are observing a certain phenomenon the work of 
interpretation as well as apperception is going on all 
the while, which clearly points to mental activity. "We ■ 
may characterise pure sensations as entirely '‘passive”, 
but in our adult life we never have these sensations : 
they are pisychological abstractions. The actual units 
of our mental life are ‘ perceptions ’ and not ‘ sensations 
and in an act of perception the mind is always active. 
Hence Observation which is of any use to science must 
be characterised as essentially actived 

Scientific Observation, as we have already said, is 
alw'ays selective and pui’posive, hence it must essentially | 
be an active process. Besides, as Dr. Schiller puts itj 

^ “ The goal of Observation is to see a fact as a fact-nnderdaw. 

..To see a fact scientifically is to see it in the light of an 

idea. Observation expresses a form of scientific endeavour which 
can be satisfied only when the fact is observed as fulfilling some law. 
The merely passive assimilation of fact is only the first stage in the 
complete process of Observation..., We may observe Just 
as passively with our fingers as we can with ohr eyes or ears. ) 
Observation is passive just so long as it is purely assimilative ” — j 
W. R. Boyce Gibson, op. clt. pp. 889, 393-894. 
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forcefully ; Good observation is anything but passive. 
It involves active watchfulness. It demain.ls enormous 
concentration of the attention on the point of the impiiiT, 
enoiinoiis indiiTerence to, and ruthless abstraction from, 
everything else. It is therefore subject to the same 
risk as experiment, and as apt to go wrong, if misdirected. 
Indeed it is only another sort, or perliaps another stage, 
of experiment. In both we begin by changing the com 
ditions experimentally before observing, even if in ' observ- 
ation ’ the change is merely that of taking up an attitude 
of watchfulness towards certain objects. And coiuersely, 
experiment would be, useless if it were not accom])a.nied 
by o])servatipn.” ^ 

We conclude, therefore, that there is no such thing as 
purely passive observation, and even if it were possible 
it would be quite useless for scieutitic investigation. 
/The difference between observation and experiment is 
I one of degree only : the mind is active in both the 
I operations. 

6. Positive and Negative Instances, — Scientific in- 
vestigation aims at the greatest possible precision and 
accuracy. Hence Causal Explanation requires the fulfil- 
ment of two sets of conditions (a) that a particular cause 
has always a particular effect, and (h) that in the absence 
of the particular cause, the particular efCeet does not come 
about, i.e,, this particular effect never occurs unless the 
particular cause also occurs. Thus if a phenomenon 
called E (effect) results from tlie cause (\ the true 
cause will be that which satisfies : — 

(a) that whenever C, then E, 

(h) thait whenever E, then G. 
or that whenever not G, then not E. 

Instances which illustrate {a) are called FosUwe 
^ Schiller, op. dt. pp. 3B8-339. 
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Jiisfujices, those illustrating (6) are known as Xcgative 
Indwmes'^. They are sometimes called Positive and 
Is egddANe J^^p&rhmeiUs, 

Negati^’e Instances may be distinguished from Excep- 
tions. The foiTiier pro'ye a causal relation, while the 
latter disprove The two arguments may be compared 
thus- — ^ ' 


: , NEOvATIYE, INSTANCE ' ' 

EXCEPTION 

Whenever C, then E. 

Whenever C, then E. 

Whenever not C, then not E. 

! Here C is, but E is not. 

0 may be causally connected 

C is not causally connected 

with E. 

with E. 


Exceptions or Exceptional Instances are, if real, incom- 
patible Ayith the hypothesis we seek to establish and 
lead us to give up or modify such hypothesis. Some- 
times one exception alone is sufficient to disprove our 
hypothesis. A real Exception compels us to so modify 
our hypothesis as to make it consistent with facts. 
The popular aphorism ''Exccptio prohat regulani'^ wlien 
applied to Induction can only mean this : an excepi^ion 
“proves"’ the rule inavsmuch as it requires us to modify! 
the wrong liypothesis so that it may become compatible' 
with fact. In this sense an exception proves the rule : 
<.)therwise, as we have shown, the legitimate function of 
Exception is to disprove a suggested liypothesis. It^j 
Indireetly proves the hypothetical rule hy.rf'ibrc% disprov- 
ing a wrong hypothesis. 

^ Negative Instances are also called “ Blirxd Experiments by 
chemists. 

^In jurispritdence this maxim is strictlj' true, since the very 
existence of the specific cases exempted by the legislator from the 
operation of a certain law proves the existence of the law. 
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7, Rules for Observation and Experiment,— The 
following general directions may be helpful in Observa- 
tion and Experiment 

(1) It is necessary that the phenoinenoii to be studied 

should be isolated as far as possible. The 
irrelevant should be eliminated, so that the 
possibility of any disturbing influences luay 
be avoided. In experiment we can always 
isolate the phenomena, but in observation 
we have to wait {)atiently for an op[)ortunity 
when nature might do the same herself. 
We sometimes insist on repeated observation 
for the simple reason that nature does not 
present to us the situation as we need 
precisely. In experiment we are masters 
of the situation and can easily isolate the 
phenomenon. 

(2) We should vary the circumstances as much 

as possible. Try the - same phenomenon 
under varying conditions, and the possibility 
of error is greatly eliminated. 

(3) We must always aim at precision in our 

observations and experiments. In experi- 
ment precision can be attained without 
much difficulty, but in observation it is more 
difficult. In order to insure it in the latter 
also, we must be on our guard against tlie 
faults known as non-observation and mal- 
observation, and should also eliminate the 
personal factor as much as possible. We 
must not read our own thoughts into our 
oBservation. and must not confound what we 
" with what we 
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maccAiracies iii results are bound to oeciir, we 
must always make necessary coiTections to 
bring the results as close to precision as 
possible, 

(5) There are, in mathematical observations 

generally, errors which cannot be eliminated 
by a repetition of observations, viz,, fixed, 
■personal and emisal errors, wdiich we must 
always endeavour to avoid b There may be 
some fault in tlie instruments we use in our 
experiments, or we may be deceived by our 
senses or we may not be in a proper mood 
to make accurate observations or sometimes 
we may be led into hasty generalisations 
and may mistake the accidentals for the 
essential conditions. 

(6) As far as practicable we should verify the 

results of observation by means of experi- 
ment. (3bservation . should be viewed as 
only a stage in., the complete development 
of scientific experiment. Mill wisely said : 

Observation without experiment, and 
supposing no aid from deduction, can 
ascertain sequences and co-existences, but 
cannot prove causation.’’ To prove cansa- ■ 
tion we should he able to produce artificially ? 
the antecedent of the phenomenon we study | 
and see if it unconditionally generates thej 
effect. 
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Analysis of tlie Given is tlie first essential step iv) wards 
scientific explanation . 

OhservafAon and Ex^Krimeni are two inipo]*ta.nt acces- 
sories of Induction. Both are purposive and selective. 
Scientific Ol^servation is essentially active, and the 
difference between it and Experiment is that of degree, 
not of kind. In Observation one cannot vary the con- 
ditions and isolate the phenomenon to he studied, in 
Experiment the conditions of observation are under our 
own control and ainenaWe to interferon ('.e. Obseiaatioii 
has a wider scope than Experiment, but tlie latter is a 
more neat, subtle a,ud precise instnnnent of scientific' 
discovery. 

I^Dsitive Instances and Experiments prove that whenever 
a certain cause occurs a certain effect follows, Negative 
Instances and Experiments prove that wlieuever such 
cause is absent the effect does not follow. Exceptions 
differ from Negative Experiments inasmuch as tliey 
disprove a suggested causal connexion. ... 


Questions AND E.xeuuisks 

1. Compare the respective advantages of Observation 
and Experiment. 

2. “ Observation and Experiment (supposing no aid 
from deduction) can ascertain sequences and c<vexistences, 
but cannot prove causation (Mill) Examine, 

d. What are the essentials of a truly scientifn.' 
observation and a truly scientific experiment ? 
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4. Distinguish Observation froiii Experiment. Is the 
difference fiindameiital ? Show the dependence of Obser- 
vation on previous knowledge, and in what sense it; 
alwajn involves iiife^^^ 

5. When has Observation more advantages than 
Experiment? and why is Experiment usually more 
advaiitageons than Observation ? 

6. Describe the function of Experiment in scientific 
investigation. How far, if at all, can vve be said to 
experiment (1) in Astronomy, (2) in Politics; (3) in 
I^sychology.' 

7. Account for the superiority of Experiment over 
Observation and mention the leading fallacies incident to 
Observation. 

8. What are Natural Experiments ? Give examples. 

9. Distinguish between (1) Positive and Negative 
Experiments, (2) Negative Experiments and Plxceptions. 

10. On what facts is the popular maxim “ Exceptions 
prove the rule” based? How far is it valid? Does it 
possess any scientific value ? W. 


CHAPTEE YI. 


MILES INDUCTIVE METHODS 

1. Inter-relation of MilPs Methods,— IMill lias for- 
mulated a number of methods by which causes and effects 
of a given phenomenon may be determined, /.r. , by means 
of which causal sequences may be discovered and proved. 
They are the rules which guide us in our causal inquiry, 
and are deducible from the very definition of Cause, as 
will be shown below. Mill calls them “ Methods of 
Experimental Inquiry ’ * or ‘ ' Inductive (or Experimental) 
Methods.” He speaks of four such methods, yet gives us 
five canons. These are, he further tells us, based on tivo 
fundamental principles : ‘ ‘ The simplest and most- 

obvious modes of singling out from among the circum- 
stances which precede or follow a phenomenon, those with 
which it is really connected by an invariable law, are two 
in number. One is by comparing together different in- 
stances in which the phenomenon occurs. The other is, 
by comparing instances in which the phenomenon does 
occur, with instances in other respects similar in which it 
does not. These two methods may be respectively 
denominated the Method of Agreement and the Method 
of Difference,”^ Of the other three methods, one, viz,, 
the Joint Method of Agreement and Difference, is simply 
a combination of these two methods ; while another, viz., 
^ Bk, III. viii. 1. 
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the Method of Eesidnes, is “ in truth a peculiar modifica- 
tion of the Method of Difference ;i and the third, viz., 
the Method of Concomitant Variations, may be identified 
either with the Method of Agreement or with that of 
Difference. Then, again, of the two fundamental 
methods, viz., (i) Agreement, and (ii) Difference, the 

latter is said to be the more important* in fact the only 

important method since the former is at best a method 

of observation and only suggests instead of proving the 
existence of a causaJ sequence : in MilFs own words, it 
is by the Method of Difference alone that we can ever, in 
the way of direct experience, arrive with certainty at 
causes.’’ Thus we observe that Mill looked upon the 
Method of Difference alone as the most fundamental 
method of discovering causal laws, and to it added four 
subsidiary methods. , ; 

Elsewhere Mill speaks of his Methods in the follow- 
ing terms : “ The four methods...... are the only possible 

modes of experimental inquiry, of direct induction a 
posteriori, as distinguished from deduction. These, with 
such assistance as can be obtained from deduction, 
compose the available resources of the human mind for 
ascertaining the laws of the succession of phenomena.”® 
These laws, although known after Mills name, were in 
no way Mills original discoveries* They were borrowed 
from amongst the ‘ Nine Eules of Philosophising ’ laid 
down by Sir John Herschel in Mb Discourse on the Study 
of Natural Philosophy (vide Sect. 145-158), with reference 
to which Mill says, that it is this book “ in which alone 
of all books which I have met with, the four methods of 
induction are distinctly recognized, though not so clearly 
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cliaracterized and defined, nor their correlation so fully 
shown, as has appeared to rne desirable/’ ^ 

2. Statement of the Methods : MilPs Canons. — We 
give below ilill’s statement of tlie five Canons along with 
their symbolical formulas. As Mill’s statements are more 
or less clumsy, we append improved versions^ as well, 
which are much easier to follow : — 

I. The Method of Agreement : 

(a) Canon : — 


MilFs Statement. 

If two or more instances of 
the phenomenon under in- 
vestigation have only one 
circumstance in common, the 
circumstance in which alone 
all the instances agree is the 
cause (or effect) of the 
given phenomenon. 

U>) Symbolic Formula 
ABC followed by abc, 

ADE „ ,, ade, 

A and a are causally connected. 

II. The Method of Difference : 

(a) Canon : — 


Improved Version. 

If two events are observed 
to accompany each other... 
in succession or co-existence 
— they are (probably) caus- 
ally connected. 


iaA- 1 . 


Mills Statement. 

If an instance in which the 
phenomenon under investiga- 
tion occurs, and an instance 
in which it does not occur, 
have every circumstance in 


Improved Version. 

If the addition of an agent 
is followed by the presence, 
and its subtraction by the 
absence, of a certain event ; 
(other circumstances being 


^ihid, ITT. vii- 1. 

^For other improved versions see Mellone’s Tnfrodnetory 
Text-Book of Logicj Ch. IX., and Stock's Logic^ ch. TX. 

® These methods can be applied both for discovering 
' cavses of given effects, or effects of given causes : hence Mill 
speaks of cause (or effect) ” in this and the other canons. 

. 4 The probability increases with the number and 

^ variety of the instances 'b...MeUone, ibid. 
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MilFs Statement, 
common save one, that one 
occurring only in the former ; 
the circumstance in which 
alone the two instances 
differ, is the effect, or the 
cause, or an indispensable 
part of the cause, of the 
phenomenon. 

(b) Ssmiboiic Formula : — 

ABC — abc. 

BC— be. 

.% A and a are causally connected. 
III. The Joint IMethod of 
Difference 
(a) Canon: — 

Mill’s Statement. 


Improved Version, 
the same) the agent is 
causally connected with the 
event. 


Agreement 


and 


If two or more instances 
in which the phenomenon 
occurs have only one cir- 
cumstance in common, while 
two or more instances in 
which it does not occur have 
nothing in common save the 
absence of that circum- 
stance ; the circumstance in 
which alone the two sets of 
instances differ is the effect, 
or the cause, or an indis- 
pensable part of the cause, 
of the phenomenon. 

(b) Symbolic Formula 


’/improved Version* 

Whatever is present in 
numerous observed instances 
of the presence of a pheno- 
menon, and absent in 
numerous observed instances 
of its absence, is (probabiv) 
connected causally with the 
phenomenon. 


ABC — abc 
AD E — G de 
AFG— afg 
BMN — bmn 
DOP--dop 
FQE — fqr 


) ... 

)>■ positive instances ; 

J 

1 


negative instances ; 

.’.A and a are causally connected. 

* This method is also known as the Indirect Method of 
Bijferemct or the Method of BouUe^A^reeme^^^ Its improved 
version is given alter Mellohe. /' 
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IV . The Method of Concomitant Variations 


Improved Version. 

If two phenomena always 
vary together, probably they 
are causally connected * 


(a) Canon :* 

Milbs Statement. 

Whatever phenomenon 
varies in any manner when- 
ever another phenomenon 
varies in some particular 
manner, is either a cause or 
an e^ect of that phenomenon, 
or is connected with it 
through some fact of causa- 
tion. 

(b) Symbolic Formula 

ABC — abc, 

A a BC — a j, be, 

A .f BC — a be, 

* . A and a are causally connected. 

V . The Method of jResiduep 

(a) Canon : — 

Statement. 

Subduct from any pheno- 
menon such part as is known 
by previous inductions to be 
effect of certain antecedents, 
and the residue of the phenol 
men on is the effect of the 
remaining antecedents. ' 

(b) Symbolic Formula :~ 

ABCD is the Jenown cause of abed. 

p b. 

^ M c. 

, ^ „ d. 

. . jx and a are causally connected. 

Before we consider any concrete examples illustrative 
of the application of these methods, and their limitations, 
we shall deal with an important consideration respecting 
the nature of the.siethods^d, thwart plajedjn.them bv 

, iV* - ‘ 

Mellone ^adds : " Other circumstances remain imr 
one or varying,, independently.” "’i"'- the 

hse more clear.: 


\/Improved Version. 

If we subtract from a pheno- 
menon those elements which 
are due to known causes, the 
residue will be the effect of 
an unknown cause. 
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3. Inductive Methods as Rules of Elimination. — e 
have observed that the last three of Mill’s five methods 
are sirax^Iy the combinations of the two methods of 
Agreement and Difference. These two methods are 
called b}" Mill methods of EUminatioji : “ The 

Method of iVgreement stands on the ground that 
whatever can be eliminated is not connected with 
the i)henomenon by any law. The Method of 
Difference has for its foundation that whatever 
cannot be eliminated is connected with the phenomenon 
by a law.”^ Elimination is defined by Mill as the 
operation which has been understood since the time of 

Bacon to be the foundation of experimental inquiry 

namely, the successive exclusion of the various circum- 
stances which are found to accompany a phenomenon in 
a given instance, in order to ascertain what are those 
among them which can be absent consistently with the 
existence of the phenomenon ” {ibid). In other words, 
Elimination is the process of exclusion^ i.e., by which we 
exclude one by one the irrelevant circumstances and 
thereby discover the relevant circumstances constituting 
the cause of an effect or the effect of a cause; and Mill’s 
Inductive Methods^are Methods of Elimination. 

"The piinciples or grounds of Elimination can easily 

be derived from the very definition of Cause. ^ Cause is 
that without which a phenomenon would not occur 
in Mill’s words ‘‘ the invariable and unconditional 
antecedent.” . If that is so, it follows immediately that— 

1. That is not the cause of a phenomenon in the 
absence of which the phenomenon occurs. 

’ Mill, op. cit. III. viii. 3. 

^cf Joseph, op. cit. pp. 403-404 ; Creighton. Introductory 
Logic, New York, 1909, p. 238. 
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2. That is not the cause of a phenomenon in whose 

presence the phenomenon fails to occur. 

3. That is not the cause of a phenomenon , which 

varies when it is constant, or is constant when 
it varies, or varies in no proportionate manner 
with it. ‘ 

4. That is not the cause of a phenomenon w4iich is 

knowm to be the cause of a different pheno-- 
menon. 

These are the four principles or grounds of Elimina- 
tion. They guide us as to how we are to exclude all those 
irrelevant circumstances of a phenomenon that do not 
satisfy the conditions of a cause. We entirely agree wdth 
Joseph in taking these rules of Elimination as the basis 
of Mill’s Canons. Mill’s Method of Agreement is based 
on the first ground; his Method of Difference on the 
second; his Joint Method of Agreement and Difference 
on the first and the second combined ; his Method of 
Concomitant V ariations on the third ; and his Method of 
Eesidues on the fourth ground of Elimination." The 
principles are simple enough and their application 
too is by no means difficult, provided we have got the 
situation w^e requke in wffiich we can distinguish the cir- 
cumstances under which a phenomenon occurs and those 
under which it fails to occur. But it is just that which 
is extremely difficult, and, as, Joseph says, ‘‘ inductive^ 

1 This principle obviously follows from the idea of 
succession, viz,, that energy gained by one phenomenon is 
lost by anothei' — ^which implies succession ; or from the 
Equality of Cause and Effect, cf. Carveth Bead, op, dt 
pp. 195497. 

2 Cause is used here in its strictly scientific sense of a 
reciprocating cause ; in the case of a non-reciprocating cause 
other principles will be necessary, cf. Joseph, op, cit. 
footnote on p. 404. 
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reasoning:*' is in forni very simple ; but the discovery of th6 
proper premisses is very hard.*' ^ 

We hold Elimination to be the very soul of inductive 
inquiry. Such inquiry, as we know, aims at the 
establishment of causal relations between events. Events 
may happen ever so many times ; their causal connexion 
is not revealed by itself but has to be discovered by our 
mind. This can only be done by carefullj^ analysing the 
phenomena under investigation, sifting and excluding all 
those elements vdiich do not fulfil the conditions of a 
cause. By this process of Elimination all the alternative 
hypotheses that fail to satisfy the requirements of the 
causal relation are rejected, and by means of their rejection 
we discover the cause. This view is admirably expressed 
by Joseph : — 

“ The essence of inductive reasoning lies in the use 
of your facts to disprove erroneous theories of causal 
connexion. It is, as Mill himself asserts, a process of 
elimination. The facts will never show directly that a 
is the cause of X ; you can only draw the conclusion, if 
they show nothing else is.... Yon dp not di^^ what is 
the cause, except by eliminating the al tern at^^^ Yet 

it is very often impossible to do this completely ; never- 
theless the nature of your reasoning is precisely the same, 
when you are left with the conclusion that the cause is 
either a or 5 or c, ns if you had been able to eliminate h 
and c also, and so deterihine that the cause is a (p. 395). 
The essence of inductive inquiTO^^ process of 

elimination. The reasoning is disjunctive. And the 


character' of the reasoning is unaffected either by the com- 
pleteness of the elimination, (i.e., the fact that there are 
no alternatives left in the conclusion) or by the ground of 

elimination used (p. 396).. Jnductiye conclusions j-re 

op, cit., p. 406, 
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eRtablif^hed disiiaxictivelv by the disproof of alternatives 
(p. 40R)......The inductive proof of a conchision rests on 

excluding alternative explanations.” i'p. 41 5L 

This seems to ns the clearest statement of the function 
of Elimination and the part plaved bv it in inductive 
; reasoninsr. We hold with' Joseph that Induction is 

■ essentially a Method of Elimination and that inductive 

■ conclnsions are established through the disproof of the 
i alternatives that fail to satisfy certain conditions. 

Exception is, however, taken to this view by some 
logicians, among whom is Boyce Gibson.'^ His main 
contentions are : — 

(1) That only the Method of Agreement and not that 
of Difference can be called a Method of 
Elimination. 

(2) The Method of Difference is emphatically not a 
method of loaical Exclusion or Elimination, hnt 
of physical Exclusion. Its essence is not the 
elimination of the non-canse, but the establish- 
ment of the cause. 

(3) Mill’s method of Concomitant Variation has a 
positive character, while the third ground of 
elimination on which it is said to be based is of a 
negative character. 

(4) Except the IMethod of Agreement, Mill’s induc- 
tive methods are the positive verification 
methods. It is gratuitous to suppose that 
verification of a theory always rests on the dis- 
proof of its rival theories ; it may — in fact, it 
does — ^rest essentially on the positive value of 
the theory as a means for systematically explain- 
ing the relevant facts, and disproof is only a 

} fide Gibbon, op, cit^ pp, 413-4??. 
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subsidiary and siipplemeiitary operation, in no 
sense of primary importanGe. 

To these contentions may also be added another made 
by Joyce,’ who maintains— 

(5) That an argument drawn by the process of 
elimination remains for ever inconclusive. Our 
aim should be not merely to eliminate those 
antecedents which are not the cause ; we must 
have positive grounds for asserting that the effect 
proceeds from such and such a fact and from no 
other.- 

We shall now answer very briefly each of these con- 
tentions in their serial order : — 

(1) There is no reason to suppose that the Method of 
Agreement alone is a method of Elimination. 
Mere statement or conjecture is no proof. Mill 
himself explicitly tells us that all his methods 
‘‘ are methods of elimination. The Method of 
Agreement stands on the ground that whatever can 
be eliminated, is not connected with the pheno- 
menon by an^’ law. The Method of Difference 
has for its foundation, that whatever cannot be 
eliminated, is connected with the phenomenon by 
a law. The Joint Method is a double employment 
of the Method of Agreement. The Method of 

Eesidues is a peculiar modification of the 

Method of Difference,” (III. viii. 3-5) and the 
Method of Concomitant Variations is ” but a modi- 

* fication either of the Method of Agreement or of the 
Method of Difference ” (III. xxii. 4), Thus each 
of these methods seeks to establish the relation of 
causality by eliminating parts of a complex pheno- 
menon. Mill's own statement leaves no doxibt on 
the point. 

(2) Hence it is entirely arbitrary to suppose, as Boyce 

Gibson does, that with regard to the Method of 
Difference Mill used the term ‘ elimination ' in the 

’ vide Joyce, op, cit, p. 331, 
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sense of ‘ p%stcaZ exclusion, * The tmtli is that 
elimination is a mental process, and does not mean 
physical exclusion. By this process our mind 
guides us in the discovery of causes or effects, since 
the relation of causality eannot itself be perceived 
Brom the quotation given above it does not appear 
at all why Mill should abruptly use the term in an 
entirely different sense, when spealcing of the 
Method of Difference. That he does so is merelv 
an assumption, which is not supported by anv 
arguments. Again, to contend that the Method 
of Difference does not propose to eliminate the non- 
cause but to establish the cause seems to us like 
putting the cart before the horse. We emphatic- 
ally hold that the cause cannot be established 
except by eliminating the non-cause: there is no 
other way. Otherwise, negation will have no part 
to play in reasoning. We might examine a 
number of positive cases to verify a cause, but even 
a single negative instance would be sufficient to 
disprove our theory. Hence the proper way is to 
attempt eliminating gradually all those factors 
which are non-causes, and then to discover the 
cause. Such cause could then be deductively 
verified. 

(3) There is no wonder whatsoever in MilFs Canon of 
the Method of Concomitant Variations being of a 
positive character, since all these rules aim at the 
discovery of a causal relation. But why should 
it be necessary for its ground of elimination also 
to be of a positive character? How can a principle 
of elimination have a positive character? Elimi- 
mination implies negation, and it is through 
negation that the positive aim of the discovery of 
a cause is satisfied. Boyce Gibson has therefore 
been struck by an illusory opposition. We hold 
that there is no discrepancy on the point between 
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the Method in question and its ground of elimina- 
' tion.''''' , ■ ■ 

(4) If IMiU’s Methods are “ the positive verification 
nK'tiiods,” why treat the Method of x^greement as 
an ^rxccption/} For, by doing so, don’t you ^veaken 
your own c(:)ntention, as three of the remaining four 
methods do in same way’ involve that of Agreement? 
Besides, the main contention is itself untenable. 
We do not deny that the ultimate aim of the 
inductive logician is to establish a cause rather than 
disprove a non-cause, but the klethods under 
discussion are corollaries deduced from the scienti- 
fic conception of Cause itself, and as such lay 
down practical rules for the discovery and proof of 
cause (or effect). You cannot establish any theory 
until you liave been able to disprove its rivals. 
This function of Elimination can hardly be 
questioned. We maintain that it is in this spirit 
that the IMetliods were formulated, and that they 
would be absolutely futile if elimination did not 
play its part in them. 

.Boyce Gibson propovses to substitute Besanquet’s 
Method of Analysis for the Method of Elimination, and 
states the latter’s view as follows : ^—Induction is the 
progressive ‘ moulding of Hypothesis ’ through a process 
which is a purifying by exceptions and a limiting by 
negations. In this process we have central importance 
attached to the positive progressive elaboration of causal 
(connexions, with a clear recognition of the part played by 
negation, and in particular elimination. ^ Now, so 
far as Bosanquet’s view is concerned — ^which is quoted 
with approval by Boyce Gibson — ^we fail to see any 
esfce}itial difference with our position. If Induction is 

^ rJfh. Rosnnquet. /.m/zV vol, IT» ch. iv p. 1 1 7 and cb. 
V, pp. 166-167 quoted by Mr. Boyce Gibson in support of his 
contention. 

cl Gibson, ojj. cit., p. 420. 


the progressive moulding of Hypothesis, its end can only 
be lealised by means of Elimination. We do not know 
of any other way in which Hypothesis could be 
“ moulded ” than by the gradual exclusion of the 
irrelevant or the non-cause. This truth is recognised by 
Bosanquet himself when he describes the process as ‘‘ a 
purifying by exceptions aird a limiting by negations.” 
Is the positive verification of Cause possible without such 
operation? And is it also not admitted that ‘‘ the 
nositive, progressive elaboration of causal connexions ” 
3s based on a clear ‘‘ recognition of the part played by 
negation, and in particular, by elimination ”? Bosan- 
quet ’s view therefore supports our position rather than 
the other. The only difference may be that he shifts the 
emphasis on the ultimate aim of the inductive inquiry— 
which is certainly positive; while, concerned as we are 
more directly with Methods, we prefer to emphasise the 
nature of the process through which alone a causal 
relation can be established. 

(5) As to Joyce’s contention, the above statements 
suffice to refute it. We may only add that no 
argument could be more inconclusive than that 
which proceeds without elimination. A hundred 
and even a thousand instances may not succeed in 
proving a causal connexion, -while one instance 
alone may suffice to disprove it. To assert that 
an argument drawn by the process of elimination 
remains for ever inconclusive ” is, therefore, to 
make a statement that is its own refutation. 

Our doctrine that Elimination is the essence of 
Induction gains further support from an entirely indepen- 
dent source, viz., Hindu Logic. There the principle of 

Elimination is clearly laid down, e.g., in Kanada’s Sutra : 

” (I. 2. l), which means : 



' f- 1 .1 1’lf ' illl i4'ff 4.A1 
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“ From the non-existence of cause is the non-existence 
of effect.” This implies that in order to deter- 
mine the cause of a phenomenon we should 

begin by negating or* eliminating those circums- 
tances without which it ^^ould nevertheless exist 
{ )\ and those in whose 

presence it would not exist 

These principles are the same as the gi'ounds of the 
Method of Agreement and that of Difference. We are 
also told in Hindu Logic that the establishment of a 
universal connexion { ) between cause and effect is 

based on om disproving the connexion with anything else 
( ). The principle of Elimination 

also follows from the general notion of Cause as ‘ 

viz,, ' That whose existence pro- 
duces the effect, and w^hose non-existence produces the 
non-existence of the effect.’ That the positive verifica- 
tion of Cause is impossible without the exclusion of the 
non-cause is evident from the text : “ ^ 

TTCT ^*=fr^Hn the proposition ‘ where 

there is smoke, there is fire,’ the co-existence ( ) 
of ‘ smoke ’ and ‘ fire ’ is proved by the ‘non-perception 
of exceptions ’ ( ), by disproving the 

co-existence of ‘ smoke ’ with any other cause ( ) 

The locative singular is important as it indicates that 
elimimition must necessarily serve as the basis for the 

^ Kanada adds in the following sutra : ^ ^ 

” (1.2-2), i,e., the non-existence of cause does 

not follow from the non-existence of effect. 

vide. The Vedduiaparibhasha, II. 4, This explains 
further how "TO; (co-existence) of and is 

recognised. 


122 

establishment of cause. Besides, it is well-known how 
great importance is attached to Eliroinatiou ( 
and wdiat prominent part is i)layed b}‘ iSTegation ( 
in Hindu Logic. It is, therefore, superfluoiis, io dwell 
any longer on this aspect of the qaestioo. 

We might also mention tliat after watching very 
carefully the way in which little children enquire about 
the cause of several phenomena they come across, we find 
that elimination is instinctively present in their arguments 
as w^.ll. If you tell them “ I shall not take you out for 
a drive this evening because it is raining,” you will in- 
variably be met with the query ” but if it does not rain,” 
and you are compelled to say “then, of course, I shall 
take you out.” You say “ I will punish you if you will 
break this toy ” — and at once the little one would say 
“if I do not break it.” Such exam])le>s can easily be 
multiplied. We do not mean that such like simple 
statements illustrate the application of Mill’s fundamental 
method, but that the child-consciousness and its power of 
arguing develoji tlirough negation, and witli, the gradual 
evolution of the child-mind, elimination comes into 
evidence more and more. This fa,ct lends additional 
support to our doctrine. 

4. The Method of Agreement. 

(a) EQKnnpJcs: — 

(1) Heat expands a bar of iron; it also expands a L>ar 
of silver; also a bar of lead, copper, brass, etco 
Therefore heat expands metals. The phenomenon 
under investigation is the expansion of metals. 
Heat is the one circumstance present in the 
antecedents of the instances, and is, therefore, the 
cause of the phenomenon. 

(2) I take my breakfast and begin vomiting after a 

' , few minutes. What is the cause? I recollect 
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that some weeks ago I had taken sour milk and 
begun to vomit afterwards, this time also I had 
talvon sour milk; hence taking sour milk is the one 
(ionimoii circumstance present in the various 
antecedents of the two occasions, on which the 
plienomenon oocurred and is therefore its cause. 

(3) Three white rats in iron cage were left under the v 
sun for a couple of hours. On returning home 
found them ail dead. I wondered how they all ;? 
died. Next time I again kept two such rats in the ^ 
same place and discovered that they expired them- ) 
selves. I gathered that their having been put I' 
imder the sun caused their death. 

(4) I was up last night till late hours, busy with my 

studies, and in the morning I felt drowsy and 
feyerish. I remember about a month ago I had 
been to the theatre one night and returned very 
late; the next morning I had the same feeling of 
drowsiness, etc. On another previous occasion I 
had attended a marriage-party and was compelled 
to reiTiain there till midnight. On getting up early 
in the morning I felt feverish. Now, the pheno- 
menon under investigation is my feeling of drowsi- 
ness and feverishness. It may have been caused 
by a number of things but in all the above instances 
the only common circumstance is my keeping up 
late ‘at night, which should therefore be taken as 
the cause. 

(.b) Ihs LiniHations and (hiticism, 

(i) The Method is based on the assumption that an 
effect has only one distinct cause and is not the 
result of an inter-mixture of effects of several 
antecedents. Jevons states the formula for the 
discovery of the cause of a phenomenon by this 
method as — The sole invariable antecedent of a 
phenomenon is probably its cause.’" 

(ii) It assumes the existence of one common circum- 
stance in a number of instances, and from its 
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symbolic formula it is no doubt evident that such 
common circumstance may be separated from the 
rest. But actual facts are not such as to be for- 
mulated in symbols. The state of things pre- 
supposed by the Method does not actually exist. 
There is a great complexity of phenomena in 
nature. The common circumstance exists in 
conjunction with various other circumstances, and 
can only be separated by analysis which is by no 
means an easy task. 

(iii) It is purely a Method of Observation. — ^We observe 
a number of instances in which a given pheno- 
menon occurs and try to ascertain the only one 
relevant and important circumstance common.^ 
It is not a method of mere agreement- but of 
single agreement. The general distinction 
between a Purely Observational Method and an 
Experimental Method is that while the former 
proceeds from effect to causes, the latter proceeds 
from causes to ejects. Boyce Gibson formulates 
this distinction more precisely as follows : - - 
'' Where the start is made from effects, i.e,, from 
facts or events viewed in the light of a causal 
interest — and causal explanations are tentatively 
formulated without any attempt to verify them by 
appeal to positive and negative instances, the 
Method is Purely Observational. Where, on the 
other hand, both positive and negative instances 
are used, with a view to the verification of 
suggested causal connexions, the method is 
Experimental. ’ 

^ The common circumstance selected must be ^ relevant 
and important/ as otherwise the number of irtelevant and 
unimportant of such circumstances is infinite, and then no 
practical application of the method would be possible. 

2 cf. also Gibson, op, cit., p. 396. 

If it were so, it could be founded on simple enumera- 
tion, instead of elimination. 

^ opt cit., p. 401t 
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(iv) Being a purely Observational Method the inference 
yielded by it cannot claina more than tentative 
certainty, until it is conlirmed by the use of 
negative instances. For that reason we should 
say * the common circumstance is probably its 
cause/ if we want to be precise. This method, 
therefore, can at best suggest a causal connexion 
but cannot prove it. Sometimes it fails to suggest 
even a causal connexion. *lt may mistake mere 
concomitance for a causal connexion. It is the 
method of proof “ for all conjunctions whatsoever — 
whether Causation or Co-existence ” (Bain, p. 52). 
For instance, when we see the mounted Police 
stopping general traffic in the streets of Calcutta, 
we expect the Governor s Car to follow. Here 
there is no causal connexion between the two facts. 
Thus no safe generalisation can be based on tills 
Method taken by itself . 

(v) This Method is vitiated by the Plurality of Causes. 
We canrot lay down with certainty the only or 
necessary cause of a given phenomenon; we can 
only say that a certain antecedent is a cause, not 
the only cause of the phenomenon. There may. 
.for instance, be as many as ten causes to produce 
madness; and we cannot ascertain the cause of tlie 
madness of a particular person by means of this 
Method. It must be clearly understood that the 
term' ‘ cause ’ is used in its popular sense in the 
application of the Inductive Methods, hence the 
Plurahty of Causes is a legitimate obstruction in 
the w^ay of a successful working of this Method. 
But at the same time it is easy enough to discover 
that this difficulty is mainly due to our ovm super- 
ficial and vague analysis. If we are careful enough in 
sifting the relevant from the irrelevant the chances 
of our failure are greatly reduced, To counteract 
the defect due to the plurality of causes, it is 
necessary to extend our investigation over a large 
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number of instances. The force of this method 
lies in the number and variety of the instances we 
observe, since it is only then that the chances ot 
our failure to eliminate the circumstances that are 
not common to all instances are eounteracted. 
Thus Mellone’s statement of the First Canon is 
significant: “ When observation shows that two 
events accompany one another (either simultane« 
ously or in succession) ; it is probable that they are 
causally connected; and the probability increases 
with the number and variety of the instances. 

5. The Method of Difference : — 

(a) Examples: — 

(1) A man used to taking two meals a day takes a 

heavy lunch one day. His subsequent illness is 
ascribed to tlie additional meals, whicli his system 
could not evidently digest. 

(2) A blue litmus paper immersed in an acid is changed 
into red. The change of colour is due to the 
action of the acid. Here evidently the phenomenon 
under investigation is the change of colour; and it 
is present in. the instances in which the action of 
an acid is present, while it is absent w-hen the 
action of acid does not taii^e place. The two ins- 
tances agree in everything except in the circum- 
stance, the action of the acid. 

(3) You put a little spirit in a spirit-stove and light it. 
The spirit is consumed but the stove doesn’t burn. 
You now. pump it, and the blue flame appears with 
a roaring force. You therefore ascribe the burning 
of the stove to the pumping action. Without such 
action the flame did not, appear; with this action it 
did appear. Hence it is the one circumstance in 
which the two instances do not agree, and whiqii 
has therefore brought about the difference. 

H. Melione, op. p. 271. 
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(4) While taking your breakfast you suddenly receive 
the news of the death of a dear friend. Your 
countenance changes at once, you leave off your 
breakfast, go into the bed-room alone, and tears 
flow from your eyes spontaneously. All this action 
is due to the receipt of the unhappy news. 

(5) You hold a cigarette in your mouth, but cannot 
smoke it unless you light it. Hence it is the 
Ughting of the cigarette which enabled you to smoke 

"v it. .. ' 

(6) Y^ou load a pistol and hold it in your hand. It does 
not fire. You now pull the trigger, and out goes 
the shot. Hence the pulling of the trigger, other 
circumstances remaining the same, was the cause 
of the firing of a shot by the pistol. 

(7) You enter your room at night: it is all dark. Y^ou 
find your way to the switchboard and switch the 
current or. Immediately the whole room is 
lighted. The turning of the switch caused the 
fighting up of the room. 

(8) About 60 lights and 12 fans are on in a big bungalow 
and great festivities are going on. Some one, out 
of ignorance or amusement, turns the main switch 
down, with the result that all lights disappear and 
all fans stop. 

(9) Yon go to a doctor complaining of constipation and 
fever. He prescribes a certain purgative. Three 
hours after taking the purgative you feel quite 
yourself again; all fever and constipation have 
disappeared. The purgative is the cause of your 
cure. 

(10) I have taken a long walk and feel very thirsty. I 

take a glass of water and at once my thirst is 
quenched. 

(11) “ When a man is shot through the heart, it is by 
this method we know that it was the gunshot which 
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killed him : for he was in the fulness of life imme- 
diately before, all circumstances being the same 
except the wound (Mill). 

Thus, it is obvious that there must be two and only 
Wo instances of the i)henomenon under investigation. 
They are each of them a complex sequence but differ by 
a single sequence, which is present in the one instance 
absent in the other 

(b) Its Limitations and Criticism: — 

(i) This method is most commonly used in our every- 
day life. In MilTs words, it is a logical process 
to which we owe almost all the inductive conclu- 
sions we draw in early life.’' Mill regards this 
Method as the experimental method par excellence^ # 
tlie only one by which “ we can ever, in the w’ay of 
direct experience, arrive with certainty at causes.” 
It gives us ” rigorous certainty.” 

(ii) It is essentially a method of Experiments. It 
compares a positive instance with a negative 
instance in order to find out that there is no other 
difference between the two instances except the 
presence of the supposed cause in one and its 
absence in the other And this cannot be ascer- 
tained by observation. Nature is not our slave. 
She is not under any necessity to present to us a 
state of things which will suit our purpose and 
requirements. Hence we have to produce our twm 
instances by experiment, one after the other, and 
it is only then that the one essential respect in 
which the two instances differ can be traced, 

(iii) For the successful working of this Method it is 
necessary that we should introduce or remove only 
one condition at a time. Every phenomenon is a 
complex whole, and our analysis attempts to iso- 
late its various conditions or circumstances. Unless 
we change one cireuinstance at a time, we are 
likely to be baffled in our inquiry by the inter- 
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mixture of effects. If we vary hvo conditions at 
a time, it might result in the Intennixture of 
Effects or the effect of one may be neutralised by 
that of the other. ■■ 

(u ) It is desirable that change should be introduced 
as rapidly as possible, otherwise the effect may 
niix up with other changes, and no definite 
inference will result. 

(a) Exa mples : — 

(1) I observe that whenever I take a cup of tea after 
dinner I do not feel inclined to retire to bed early, 
I therefore presume a causal relation between the 
two facts. This presumption is further strength- 
ened if I find that whenever I do not take tea after 

; .. dinner, I feel an inclination to sleep. Evidently 
I connect causally the taking of tea after dinner 
with no inclination to sleep early. 

(2) I observe that whenever I take fish and eggs I am 
constipated : I infer that constipation is caused by 
that particular diet. But this inference is con- 
firmed and my conviction is strengthf/ued if I find 

. that W'henever I avoid taking fish and eggs I do not 
complain of constipation. 

(3) Grapes grow in abundance on the soil of Afghanistan. 
I do not find them anywhere in Bengal or Bombay. 
Hence my belief is strengthened that there must 
be something in the soil of Afghanistan favourable 
to the growth of grapes. ’ 

'(4) The. formation of dew: “ It; appears that the 
■ • instances .in which much dew is ;deppsitf3d, which 
; ^,rc very various, agree in this, -and,.- so far as we 
are. able to observe, in this only,- that they either 
.radiate ..heat rapidly or. conduct it slowly.: qualities 
•between which there-. is no other circumstance of 
agreement, than that by virtue of -either, the body 
‘ ’ • ' tends to’ losevheat from -the surface., more -rapidly 

than it can be restored from within.; The instances, 
on the contrary, in which no dew, or but a small 
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quantity of it, is formed, and whicli are also 
extremely various, agree (so far as we can observe) 
in nothing except in not having this same property. 
We seem, therefore, to have detected the charac- 
teristic difference between the substances on 
which dew is produced, and, those on which it is 
not produced.*’ (Mill, III. ix. 3.) In this way 
the requisitions of the Joint Method have been 
realised. 

(5) Whenever I come dowm and stay in Bengal I suffer 
from Indigestion. The presumption, thei'efore, is 
that my Indigestion is due to the climate of Bengal. 
This belief is further confirmed if I get rid of rny 
indigestion whenever I am away, e.g., whenever 
I visit the Punjab or Kashmir and stay there for 
sometime. 

(b) Its Limitations and Criticism. 

(i) There are two series of instances, in the one the 
causal sequence is present, while in the other it is 
absent. Obviously the two sets taken together 
resemble a good deal the Method of Difference. 

(ii) But the real nature of the Method is aptly expressed 
by the title “ the Method of Donhle Agreement/* 
for, as Mill has pointed out, it consists in a double 
employment of the method of (single) Agreement, 
each proof being independent of the other and 
corroborating it. It is a peculiar modification of 
the Method of Agreement. 

(iii) Eightly, as Mill observes, this method is a great 
extension and improvement of the method of 
Agreement, but it likewise falls short of proving 
causation. It does not rise up to the cogency and 
exactness of the Method of Difference. At best it 
cannot do more than suggest the likelihood of a 
causal connexion. 

{iv) Although it leads to greater probability than the 
Method of Agreement, yet it is not quite free from 
the characteristic fault of the latter. Even the 
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double employment of Agreement fails to eliminate 
the defect of the Plurality of Causes. The pheno- 
menon under investigation may show that a given 
ehect may on any given occasion be brought about 
by a plurality of causes, v The agreement in 
presence as well as that in absence only suggests a 
causal presumption, but is not so exact or complete 
as to proo 6 causation. 

(v) It is like the Method of Agreement, an essentially 
observational method. It does not reqxxire us to 
prepare our instances under artificial conditions, but 
takes account of such as are available by observa- 
tion. 

7. The Method of Concomitant Variations 

(a) Examples: — 

(1) On a dull and sultry day in summer I do not feel 
disposed to eat anything. On the other hand, on 
a cool and breezy day my appetite is much in 
evidence. By the Method of Difference it may be 
proved that the cold is the cause of my appetite for 
food. But if we find that as winter sets in my 
appetite gradually increases, and that during the 
summer months it again decreases, we apply the 
Method of Concomitant Variation and infer that 
the increase or decrease of my appetite for food is 
due to an increase or decrease of the cold. 

(2) Suppose there are four electric bulbs of 50 c.p. 
each fixed up in my study. I switch on one light, 
the room is lighted; I put on the second light, the 
light is increased; I do so with the third, the light 
is still further increased; and with the fourth on, it 
becomes very brilliant. If I were to measure the 
gradual increase in the intensity of lights (by means 
of a Photometer) I would find that the increase in 
such intensity was determined by the increase in 

^ The reason is that the effect to be accounted for is 
as unprecisely conceived in the second application as in the 
first 'h.. Gibson, op, cit, p. 400. 
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the liimiber of lights used. Tliiis by the Aletliod of 
CouiGomitaut. Variation I could .establisli. a, quain 
t’tative relation between, th^^ amount of electric light 
and the degree of illumination of my room, 
border a ]hig of hot water. The servant heats a 
litre of water over a spiTit-lamp and brings me a 
jugful in about 10 riiinutes. But on another 
occasion when I want hot water for my tea, which 
is getting cold, I cannot wait so long; I order him 
to fetch me the sani'e amount of hot water within 
some five minutes. He succeeds in doing so, but 
only by using two spirit-lamps of the same power, 
riie ii}ference is that the rise of temperature of tlie 
^vater in each ease is due to the corresponding 



■ ■ : MJXL'S lOT 13,3 

of a body increases, its weight also increases, and 
(b) as the distance of a body from the centre of the 
earth increases, its weight decreases. 

(8j The more I attend to an idea, and the more often 
I repeat it, the greater is its retention in memory. 

(-9) The rise and fall of the mercurial column of a 
thermometer varies with the increase and decrease 
of the temperature of the rnedium to which it is 
applied. 

(10) Mill’s example of the first law of motion — that all 
bodies in motion continue to move in a straight line 
with uniform velocity until acted upon by some 
new force. We cannot prove this law by the 
Method of Bifierence, since it fails to overcome the 
difficulty oi permanent causes, (Le., causes whose 
agency cannot be eliminated, a. gravitation.) 
Nature does not present any instance of perpetual 
motion, but the various obstacles, e.g., friction, 
atmospheric resistance, etc.-, encountered by a 
moving body, may be taken into consideration. We 
cannot, however, produce an instance in which 
these obstacles would be entirely absent — in other 
words, the method of Difierence is inapplicable. 
All we can do is to modify what cannot be altogether 
excluded, the modification of a condition meaning 
according to Mill, change in it, not amounting to 
. its total removal.”^ If we modify the obstacles 
to perpetual motion, i.e,, diminish in this way the 
resistance to a moving body, we find a correspond- 
ing increase in the time for which a motion 

I 'Mt is a methodical modification of this kind which 
constitutes the Method of Concomitant V aviations ; the 

most striking application of this method, as Mill points out, 
takes place in the cases in which the Method of Difference is 
quite inapplicable, e,g., in establishing laws of heat, 
gravitation, friction. We here make a series of partial 
experiments, in which we proceed by a gradual quantitative 
modification of the constituent which cannot be wholly 
withdrawn,'^— Gibson, eit, p. 405. 
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continues. By such like experiments alone can the 
law be established. 

(b) Its Function, Limitations and Criticism : — 

(i) The Method is an extension of the Method of 
Agreement or the Method of Difference, or of both, 
as the case may be. The inference drawn by this 
method is therefore affected by the limitations of 
those two methods, and its principle does not 
essentially differ from them. 

(ii) It cannot prove a causal relation, particulaiiv 
when the variation cannot be exactly rneasmed. 
Moreover, the two phenomena vai'ying together 
according to some numerical relation not be 
related to each other as cause and effect. They 
may both be joint-effects of a single cause. 

(hi) It is a useful supplement to the qualitative 
methods, and is usually employed to determine a 
precise quantitative relation. We first ascertain 
by the Method of Difference that a certain cause 
produces a certain effect, and then use the Method 
of Concomitant Variations to determine the 
quantitative relation between them. 

(iv) There is a particular danger in the einployment of 
this method. One is tempted to imagine that the 
Concomitant Variation wdiich holds good wdthin 
certain limits will always hold good. But such a 
universal law cannot be framed. Variation is not 
always continuous. For instance, (a) As we 
increase the temperature of w’ater at the sea-level 
continuously from 0^0. we mark a corresponding 
increase in its density up to 4®C, but after that 
point, although the temperature may be continu- 
ously increased up to 100^0, the densit}!' decreases; 
(b) In tropical climate, the greater the rain-fall the 
greater the w’^heat or rice crop; but if the rain-fall 
is excessive, the crop fails altogether. Thus 
variation holds good within some definite limits. 
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(v) Where the Method of Difference cannot be applied, 
this Method can be applied to determine the 
qiialitative or the qiiantitative relations between 
two or more circumstances of a phenomenon, when 
they cannot be separated from it. In such cases 
this method is particularly useful and is, in fact, 
the only method that can be employed. 

8. The Method of Residues : — 

(a) Examjjles: — 

(1) In a room usually lighted by 4 electric bulbs, of 
50 c.p. each, an additional light-point is fixed, to 
which is attached a bulb of 100 c.p. When all 
the five lamps are lighted, the illumination of the 
room is much more intense. Subducting from this 
intensity the degree of illumination I had so far 
with 4 lamps, I can infer by the Method of 
Residue that the remaining degree of illumination 
is caused by the fifth lamp, newly put. 

(2) Subducting from the phenomena of living things 
those effects that are due to physical or chemical 
forces, we have to account for those which are left 
behind and this leads us to the inference of vitality 
as their cause. 

(3) By the same method is proved the existence of the 
mind; the phenomena of the mental world cannot 
be explained in terms of matter. Subducting all 
that can be so explained, a residue is left behind, 
which cannot be accounted for except on the 
assumption of a mind. 

(4) A and B can build a wall in 10 days ; A alone can 
build it in 15 days. We can find by this method 
how long it would take B to do the same work. 

(5) You ascertain the weight of a tin of ghee by first 
weighing the ghee and the tin, and then subtracting 
the weight of the empty tin, known already. 

(6) can find out how much of the spring tides is 
due to the attraction of the Sun. By previous 
inductions we know the average height of the tide 
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due to tlie moon. Subtracting this from the whole 
height, we get the remaining part of the spring tide 
due to the attraction of the simp ^ ^ ^ ^ 

(b) Its Function^ Limitations and Gritlcisni : — 

(i) Mill regards this method as a peculiar inodiMcation 
of the Method of Difference. 

(ii) This method can only be applied when we already 
know a great deal, i.e., it rests on previous induc- 
tions and consequently partakes of a dediLctive 
character. 

(hi) The analysis of the phenomena effected by this 
method is mental rather than actual. 

(iv) The method can be applied in cases both of 
obsexwation and experiment. In experimental 
eases it is quantitative method, {e.g. in ehemicHl 
analysis). In cases of observation it is a qualitative 
method and seeks to find out a cause qualitatively 
adequate to account for the observed effect. 

(v) It is found particularly useful in Astronomy. ^ 

. Eor instance, the planet Neptune was discovered in 

1846 by Adams and Leverrier (working independ- 
ently) by observing the residual effects of the 
motion of Uranus. After allowing for the perturb- 
ing influence of Icnoivn planets and the attraction 
of the Sun, a residual effect was noticed as due to 
the perturbation of some unknown planet, which 
was found to be, Neptune. 

(vi) By the use of this method remarkable discoveries 
in Chemistry (where exact measurements are as 
necessary as in astronomy) have also been made. 
Eor instance, Argon was discovered as a cons- 
tituent part of atmosphere by Lord Eayleigh and 
Professor Eamsay in 1894. It was found* that 
nitrogen extracted from the atmosphere was 1 per 
cent, heavier than its usual density. Various 

^ Almost all the greatest discoveries in astronomy have 
^ulted from the consideration of residual phenomena of a 
hahtitative or numerical kind.” — ^Herschel. 
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. hypotheses were put forward to explain this residual 
phenomenon, and at last the new chemical 
element, known as Argon ^ was discovered. 

(vii) This method is used as a finger-post to the un- 
explained.” It is thus a method of discovery 
rather than of proof; in other words it is a source 
of hypothesis rather than a means of testing them, 
(viii) The method is applicable only to cases of homogene- 
ous intermixture of effects A To make it clear, we 
have to explain what we mean by the Intermixture 
of Efiects. 

9, Intermixture of Effects. — Causation is a complex 
phenomenon, in which, as a rule, various agents co- 
operate to bring about an effect. If the effects of those 
agents do not intermix, each is distinguishable separately. 
But when there is an Intermixture of Effects, due to the 
interference and conjunction of causes, it is, as Mill has 
pointed out, either (i) Homogeneous, or (ii) Heterogene- 
ous. “ It is homogeneous when the concurrent causes, 
whilst more or less modifying, or even counteracting, each 
other's effects, still exert their full efficacy, each according 
to its own law — its law as a separate agent. ^ 

It is heterogeneous or heteropathic when ‘ the 
agencies which are brought together cease entirely, and 
a totally different set of phenomena arise : as in the 

^ In cases of ‘ heteropathic intermixture of effects,’ we 
must resort to experiment alone in order to find out the 
separate influence of each, and the different effects it will 
produce in combination with others. 

“ Mill cites the following example to show the mutual 
interference of homogeneous effects resulting in complete 
Counteraction: — A stream running into a reservoir at one 
end tends to fill it higher and higher, while a drain at the 
other extremity tends to empty it.. ....Even if the two causes 

which are in joint action exactly annul one another, still the 
laws of . both are fulfilled: the effect is the same as if the 
drain had been open for half an hour first, and the stre.am 
had flowed in for as long afterwards (vide^ HI. vi. 1;). 
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experiment of two liquids which, when mixed in certain 
proportions, instantly become, not a large amount of 
liquid, but a solid mass’.” ^ 

A homogeneous intermixture of effects is due to a 
Composition of Causes, ^ the total effect in this case being 
of the same kind as the eft'ects of the single causes acting 
separately, A heterogeneous or heteropathic intermixture 
of eft’ects is, on the other hand, produced by a Combina- 
tion of Causes, in which case the total effect is of a 
different kind from the single effects, the co-operation of 
the different causes having undergone mutual modifica- 
tion. Wlien the full consequence of a Law are modified 
or neutralised by other Laws, it is called a tendency. 
'' All laws of causation, in consequence of their liability 
to be counteracted, require to be stated in words affir- 
mative of tendencies only, and not of actual results.”^ 
Examples : — 

Homogeneous Intermixture : — 

(1) Four students, each with a pair of oars, enter a 
racing boat. Each rows separately in turn, and 
the boat moves slowly. Now all the four begin to 
row simultaneously, and the boat moves like a shot. 

(2) If two ropes of equal length are fastened to a boat 
and two men pull it from the opposite shores of a 
stream and run in the same direction, the boat will 
move in the middle course, along the diagonal 
direction of the parallelogram of forces thus 
formed. 

(3) If two forces of equal magnitude are exerted in 
opposite directions on the same particle, it will not 
move. 

^Gibson, op. p. 375, 

shall give the name of the Composition of Causes 
to the principle which is exemplified in all cases in which the 
joint effect of several causes is identical with the sum of their 
separate effects ” .(Mill). 

, V ® vide Mill, III. x. 5. 
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(4) A mans choice of, alternatives in the course of his 
conduct depends on various factors, such as his idea 
of pleasure, utility, environments, education, 

. instinct, etc. 

Heterogeneous or Heteropathic Intermixture: — 

(1) A man takes bread, butter, milk and vegetables. 
This food is assimilated and digested according to 
certain organic laws, and is converted into flesh and 

-■■■ bone; 

(2) Common salt is a chemical combination of sodium 

and chlorine, whose individual properties disappear 
in the compound. ^ 

Conjunction of Causes. 

Composition of Causes Combination of Causes 

I : I 

Homogeneous Heterogeneous or Heteropathic. 

Intermixture of Effects. 

10. Criticism of MilFs Inductive Methods.— The 

following are the characteristic defects of the Inductive 
Methods — 

(i) The state of things presupposed by the Inductive 
Methods does not actually exist. Our ordinary 
experience is a continuous flow of happenings, and 
it is only after its raw materials have been organised 
into * antecedents,' 'consequents,' etc., that the 
Methods are applicable. They take for granted 
the very thing which is most difficult to discover, 
the reduction of phenomena to formula such as are 
here presented to us " (Whewell).^ They are 
therefore of no use in the initial stages of any 
science, where the is always very complex. 

‘‘ Even if they argue from facts at all, they do not 
argue from crude facts, but from a material which 
has already somehow been cut into definite scienti- 
fic shapes. They do not, therefore, begin at the 

* Schiller, op, eit,, p. 266, Also cf. A. Sidgwick, op, cit., 

p. 188 ff, ' ' ' 
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beginning of Induction, , nor do tiiey adequately 
describe the whole of the inductive process 

(ii) The Methods may be applicable to an abstract 
universe but not our ordinary world of GXf)eri(mee, 
where their demands can never be complied with. 
The principles involved in the Methods are, as Mill 
holds, summed up in the Method of Agreement and 
the jMethod of Difference. The former demands 
two cases which have ' no circumstance in common 
but one," but experience does not offer siich a 
situation literally. The latter demands two cases 
which * differ in nothing but tlie presence of one 
circumstance." But where are wc to find such 
cases? How could we possibly know every cir- 
cumstance "" and wdiat meaning could we give to 

one "" circumstance?’ Both these demands are 
impossible. Taking into consideration the remaining 
Methods also, w^e find the same remarks applicable 
to them. The Joint Method or the Method of 
Double Agreement demands instances ' having 
nothing in common save the absence of a circum- 
stance. ’ This additional demand is alike impossi- 
ble. The Method of Concomitant Variations speaks 
of any one phenomenon varying whenever another 
phenomenon varies in a particular manner, and 
thereby demands a universal connexion between 
the two even before the Method is applied. 
Lastly, the Method of Eesidues admits knowledge 
arrived at by previous inductions and is really 
deductive in' character. • 

(iii) The methods aim* at establishing laws of causation, 
but the invariability of sequence is already assumed 

, . - by the canons. 

hcf. ^ The position from which we are thus invited to 
set out is very far from the beginning of experimental 
enquiry ; the clear-cut instances supposed are possible only 
in an advanced stage of scientific research. Laurie, Mind 
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.'(iv:) Mill himself confesses that the Methods are based 
on false assumptions. We have regarded ahcdc, 
the aggregate of the phenomena existing at any 
moment, as consisting of dissimilar facts ^ a, h, c, 
c/, and c, for eacli of wlucli. one and only one, 

cause need be sought '.But the supposition does 

not hold, in either of its parts; In the; first place, 
it is not true that tlie same xdiGnomenon is always 
produced by the same cause..; And, secondly, the 
effects of different causes are often not dissimilar, 
but homogeneous, and. marked out by .no assignable 
boundaries from one another. ^ 

(v) They are inadequate as methods of Proof and can 
at best suggest hypotheses. 

(vi) Considered in themselves, and apart from the 
•previous knowledge which gives us the material 
for them, and from the discretion w^hich leads us to 

• regard their results as tentative and unfinished, the 
rules for correctly interpreting a piece of observed 
causation are about as valuable as the rule that in 
business “ All you have to do ” is to buy cheap 
and sell dear. The important question alw^ays is, 
HoW' are we, with the best intentions iii the world; 
to recognise heforo the event the wTong steps we 
may take in- trying to follow these excellent 
. principles ? ' ' - , , > 

(vii) The Methods fail, in spite of their attempted 
. strictness and precision,, to avoid error in their 

results. They cannot give us more than merely 
empirical generalisations, by no means universal 
principles. 

■(viii) But' a- meaning could be given to these Methods; 
;.. it we- substitute relevant for '' facts 

• ■ alone, , since, as Dr. Schiller , has remarked,' they 
■ “ were not so far -wrong in what they meanh 
. Only it. is clear that they -do not mean what they 

1 Mill, III. X, 1. .... 

2 B'idgwick, op, cit,y p. 188, 
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say...... The reference to relevance will then at once 

transform the Methods, and render them scientific- 
ally workable. *’1 While it may have been 
altogether impossible to find two phenomena 
‘' having only one circumstance in common or 
“ differing only in one circumstance,’* we can 
easily find them having only one Televant, (i.e., 
important for the purpose in view) circumstance in 
common, or differing only in one relevant point. 
But at the same time, it must be observed that 
the reference of relevance cannot altogether save 
the formal validity of the Methods. " To admit 
relevance is to rencunce the ideal of Formal 
validity (ibid). 

11. WhewelFs Criticism of MilFs Methods. — ^Whe- 

well questioned the utility of Mill’s Methods and the 
aptness of his illustrative examples. Mill has examined 
such objections in the last section of Chapter IX of Book 
III of his Logic, We shall only set dov^n the main points 
of the controversy. 

Whewell remarks that Mill’s Methods only come 
into operation after the crude facts of our actual experi- 
ence have been arranged in neat formulae, such as are 
required by the various canons. In any set of complex 
facts offered to us by Nature, where are we to look for 
our A, B, C, and a., h, c? 

Mill answ^ers that Whewell’ s criticism of the 
Methods is similar to that advanced against the Syllogism. 
It was said that the chief difficulty lay in obtaining the 
syllogism, and not in judging of its correctness when 
obtained. But although both objections are true, they 
are unimportanL For, says Mill, if we try to reduce 
phenomena to formulae without knowing what they are 
to be reduced to, we cannot make much progress. 

^Schiller, op, cit, p. 268. 
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Inductive Logic provides us with rules and models to 
which arguments must conform in order to be conclusive ; 
and the Methods do not profess to be anything more than 
such rules and models. 

Again, Whewell says that no discoveries were ever 
made by the Inductive Methods. In this objection too, 
as Mill points out, Whewell was anticipated by the 
assailants of the Syllogism, who said that no discoveries 
were ever made by syllogism. But Whewell’s objection 
would apply to all inference from experience. “In 
saying that no discoveries were made by the Pour 
Methods, he affirms that none were ever made by obser- 
vation and experiment ; for assuredly if any were, it was 
by processes reducible to one or other of those methods ’ ’ 
(Mill). 

In reply to Whewell’s charge that the Methods take 
for granted the very thing which is most difficult to dis- 
cover, Mill says that in the initial stages men do not 
make use of the Methods in their strict form but of some 
other form, simpler and looser. For instance, by observ- 
ing a number of barking dogs, we infer by the Method of 
Agreement that “ Dogs bark.’’ Then, again, I touch 
the fire and am bmmt, I do not touch it, I am not burnt ; 
hence, we infer by the Method of Difference, that “ Fire 
burns.’’ 

Both these examples are, however, faulty. The first 
is an induction by simple enumeration, and in that form 
none but savages and children would use Agreement. 
The other example is equally faulty, as it argues -post hoc, 
ergo propter hoc. In the two cases of my being and not 
being burnt by fire, how are we to ascertain that they 
have “every circumstance in common save one’’? 
These examples rather warn us against the way in which 
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the Methods are liable to be applied loosely. 

Whewell does not deny that the earliest generalisa- 
tions of science may have' been arrived at by some- such 
simple observations, bat he is not prepared to accept them 
jcs. workings, of the Methods in their strict foian. The 
fact is i,ha.t a great deal of work has to be done in the 
ration.O'lisa,tio,n. of experience arul the organisation of 
material before the M'e.tbods could be made applicable.. . 

Accordir.ig to Mill, Logic is principally concerned 
With Proof as such. The Inductive Methods are “ the 
sole, methods of .Proof,’' It is idle to contend that they 
fail as Method of (Usco'very:, since discoveries cannot, be 
made by observation and experiment witliont Deduction. 


SUMMARY. 

MilFs Inductive Methods 
I. Method of Agreement (or Single Agreement). 
Statpnxent. — When observation shows that two 
events acco.nipany one another (eitlu^r simultaneously or 
in succession),, it is probable that they a.re causally 
connected; and the probability increases with the number 
and variety of the instances.* 

Formula : 

antecedent consequent. 

ABC abc. 

' , . ADE — ade. 

A — a is a causal sequence. 

^The clumsy canons formulated by Mill are not repeated 
here. The statements are enunciated after Dr. S. H. 
Mellone. ' ^ ^ 
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Tile sole invariable antecedent of a phenomenon is 

probably, its. cause..- , ........ 

• Whatever can be. eliminated .without 

inierferin^^ with a phenomenon is causally connected with 


■vvCxitieism;: — 

(i) It is a purely Observational Method. 

(ii) It can only suggest rather than prove a causal 

sequence, 

(iii) Its conclusion is only probable but not certain, 

(iv) It is. vitiated by. the Plurality of Causes. . , 

I L Method of Difference. 

Statement. — ^When the addition of an agent, .is 
followed by the appearance, or its subtraction by the dis- 
appearance, of a certain event, other circumstances 
reinaining the same, that agent is causally connected with 
the. event. 

Formula : 

ABC — abc. 


A — a is a causal sequence. 

Principle. — ^Whatever cannot be eliminated wdthout 
interfering with the phenomenon is causally connected 
with that phenomenon. 

Criticism: — 

(i) It is a mainly experimental Method. 

(ii) It proves causal sequences by the verification of 
hypotheses already suggested. 

(iii) It requires only two instances, a positive and a 

negative, which are compared. - • 

(iv) It guarantees a certain conviction, - and is. .regarded 
as the fundamental of all Inductive methods. 

III. Method of Double Agreement, or Joint Method 
of Agreement and Difference. 


i4() 
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Statement. — ^Whatever is present in numerous 
observed instances of the presence of a phenomenon^ and 
absent in numerous observed instances of its absence, is 
probably connected causally with the phenomenon. 

Formula : 

Positive Instances. 

ABC — abc. 

ADE — ade. 

AEG — ■ afg. 


Negative Instances. 


BMN — bmm 
DOP — dop 
EQE — fqr 

A — a is a causal sequence. 

Principle. — ^Nothing is the cause of a phenomenon in 
the absence of which it nevertheless occurs, and in the 
presence of which it nevertheless fails to occur. 

Criticism: — 

(i) It requires tivo sets of instances, showing respect- 
ively the 'presence and the absence of the sequence. 

(ii) It is a great extension and improvement of the 
Method of Diifference, and one would not use it if 
the latter could be employed. 

(iii) It falls short of the cogency of the Method of 
Difference, and one would not use it if the latter 
could be employed, 

(iv) It is an essentially observational Method. 

(v) Although an improvement on the Method of Agree- 
ment, it is not free from the defect of the Plurality 
of Causes, 

IV. Method of Concomitant Variations. 

Statement. — If two phenomena always vary together, 
other circumstances remaining the same or varjdng in- 
dependently, there is probably a causal connexion 
between the two phenomena. 

Formula : — ABO ~ abc. 

Ag BO — ag be. 

As BC — be. 

/.A — a is a causal sequence. 
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Principle.— Nothing is the cause of a phenomenon 
which varies when it is constant, or is constant when it 
varies, or varies in no proportionate manner whth it. 

Criticism 

(i) It is a further extension of Agreement or Difference, 
or both . It is an improved application of Agree- 
ment ” when applied to phenomena which can 
merel}^ be observed; and a more exact application 
of Difference when applied to phenomena 
which can be controlled by expenment. 

(ii) It fails to prove a causal sequence. Tbe pheno- 
mena in question may both be joint-effects of a 
single cause. 

(iii) It is usually employed to determine an exact 
qvautitative reldi^Uon. 

(iv) The variation of phenomena holds good only 

within certain limitations. • 

(v) It fails to cope with the difficulty of Permanent 
( 'auses. ■ 

V. Method of Residues. 

Statement.— Subtract from a phenomenon those 

elements which are due to known causes, the residua will 
be the effect of an unknown canse. 

Formula : — ABCD — abed | 

^ ^ > known sequences, 

B— b ) 

A — a is a causal sequence. 

Principle. — ^Nothing is the cause of one phenomenon 
wliich is known to be the cause of a different phenomenon. 

Criticism: — 

(i) It rests on previous inductions. 

(ii) It is deductive in character. 

(iii) It is a quantitative method when applied to experi- 
mental cases, and qualitative when applied to cases 
of simple observation. 
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(iv) It is 'paHicuIarly itsefiii in Astronomical and 
Chemical research. 

(v) It is applicable only to cases of horniujcjieous 

interniixtiire of effects. 

Characteristic Functions 

The Method of Agreement suggests a. hypothesis, thali 

of Double Agreement strengthens the suggestion ; the 
Method of Difference proves a causal sequence suggested 
by the other methods; the Method of Concomitant 
Variations determines tlie quantitative relation accor<ling 
to which phenomena vary, within, certain limits; a;nd the 
Method of Residues, resting on previous inductions, is 
most helpful in furthering research in sciences like 
Astronomy and Chemistry. 

The Inductive Methods are essentially principles of 
Elimination. 

Characteristic Defects : — 

(i) The Methods demand neat formulae and organisa- 
tion of material, which do not exist in initial stages. 
They do not apply to crude facts which we actually 
encounter in our experience. 

(ii) Their demands can hardly if ever be literally 
fulfilled. 

(iii) They propose to establish laws of causation, but 
themselves assume the invariability of sequence. 

(iv) They are based on, false assumptions. 

(v) They can at best suggest hypotheses but are in- 
adequate as methods of Proof. 

(vi) In spite of their strictness, they fail to avoid error. 
Intermixture of Effects.— It results from the co- 
operation of agents which bring about a certain effect. 
Intermixture of. Effects may be either : — 

(i) Honq^ogeneous, produced by Composition of Causes ; 

P? 
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' : (ii) . Heteropatkic,' ‘prodncM by a 

Goinbination ol Causes. ■ « ' 

Mechanical Mixtures and Chemical Cornpoiinds 
illustrate the two kinds respectively. ■ 


QUESTIONS AND EXERCISES. . 

J. Discuss the inter-relation, of Mill’s Inductive. 
Methods. 

2. "How are tlie Inductive Methods viewed, as Prin- 
ciples of Elimination? i 

3. Explain the Method of Agreement, and show how 
it differs from Simple Enumeration. 

4. What are the pre-suppositions and characteristic 
defects of Mill’s Method of Agreement? What is its utility 
in scientific discovery? 

5. Examine Mill’s view that Plurality of Causes 
renders the Method of Agreement uncertain. 

0. Why is the Method of Agreement of little value, 
as compared with the Method of Difference? 

7. Explain why the Method of Agreement requires 
many instances, while the Method of Difference is satisfied 
with one precise experiment. 

8. ■ The Inductive Methods have been called W'eapons 
of Elimination, Discuss the appropriateness of the 
description. 

' 9. 'How would Inductive Logic proceed to investigate 
the influence upon character of any one of the following: — 
(a) climate, (5) athletics, (c) an artistic profession? 

10. What does Mill mean by Cause? How far are his 
Methods adequate for the discovery of causes ip his owp 
sense of the word? 


^50 INDUCTIVE LOGIC 

11. Explain precisely the principle of the Method of 
Biference, contrasting it with that of the Method of 
Agreement. In what way is it the most superior Method? 

12. Distinguish between Positive and Negative Ins- 
tances. Bring out the importance of the latter in experi- 
mental inquiry. 

13. Bring out the connexion between the Method of 
Difference and that of Concomitant Variations. 

14. What are the characteristic features of the Joint 
Method? How is it related to “ Agreement '’? 

15. State fully and illustrate the Metliod of Con- 
comitant Variations. What are its special advantages? 
How is it related to the Method of Difference? 

16. Analyse and describe in logical terms the method 
by which any important discovery Qf recent years was made. 

17. Distingmsh carefully between the Method of 
Difference and the Method of Pesidues. 

18. Can the Method of Besidues be fairly r-onsidered 
inductive in character? 

19. What do you suppose is tlie main function of the 
Method of Besidues? 

20. Criticise Mills Canons of Induction, and state in 
what way they may be amended. 

21. To what uses are the several Inductive Methods 
appropriate? Consider the allegation that the Methods are 
useless, for no discoveries have ever been made by their 
means. 

22. Discuss the main defects of the Inductive Methods. 


CHAPTER VII 
THE DEDUCTIVE METHOD 


1. Limitations of the Inductive Methods.— We have 
seen how the various Inductive Methods help us in 
establishing generalisations, of varying degTees of 
certainty, and how helpless they prove when we are con- 
fronted v,dth phenomena complex by virtue of a composi- 
tion of causes having produced intermixture of effects. 
Such complex phenomena cannot obviously be investi- 
gated by the method of simple enumeration, which fails 
in dealing with situations in which several causes concur 
in bringing about an effect. Neither can they be investi- 
gated by Mill’s experimental methods.,'^ which, although 
better instruments than Simple Enumeration, are 
ineffective, because in most cases the circumstances are 
so very complex that it seems altogether - impossible to 
create a situation in which we could introduce an agent 
and watch the result. We seldom, if ever, see two cases 
occur which differ in all respects but one. Thus, although 
the Inductive methods have their legitimate function and 
use, they are unable to take us far enough in the explana- 
tion of a phenomenon; and until a phenomenon is 

' “ When the Experimental Methods have done their 
utmost, there will still remain the task of gathering up the 
various threads which these methods have singly and separ- 
ately laid bare, and this can be done only through Deduction 
or Deductive Synthesis.”— Boyce Gibson, op. cit. p. 407. 
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explained it cannot be said to have been scientificalltj 
investigated, since Science aims at explanation. We 
cannot stretch the Inductive methods too far; they break 
down as soon as. we attempt to apply them to the exceed- 
ing complexity of phenomena. These Methods have 
their limitations, and we mn.st not expect too much out 
of them. 

2. The Deductive Method.— If the Inductive 
Methods fail to yield us any knowledge of the conditions 
and laws of very complex phenomena, there is another 
method which conies to our rescue. This method is called 
by Mill the Deductive Method,^ or more correctly, the 
Direct Deductive Method (or the Physical Method) since 
it makes use of Deduction in reasoning from the induc- 
tions of science to their results in other cases; or, by 
Jevons, Combined or Complete Method, since it combines 
Induction and Deduction and is consequently a complex 
method. 

The Deductive Method consists in the alternate use 
of induction and deduction, its problem being to find the 
law of an effect from the laws of the different tendencies 
of which it is the joint result. We start with the indue- 
lions of a science as our premises, and proceed to deduce 
their, results in the case before us and other cases, aiid 
then verify such results by reference to facts. Thus, the 
Method consists of three stages, viz. : — 

Induction; i.e., the inductions already 
established- in a science : their truth must be assumed to 
begin' .with. 
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are deducted by ratiocination from the inductions with 
which we began. 

(3) Verification : he. , these consequences are verified 
by reference to facts of Nature, through Observation and 
Experiment. 

¥or instance, if we want to explain the law A is B, 
we start with the hypothesis that B is due to C, then 
calculate its consequences by deduction, and lastly com- 
pare them with P as manifested in experience. If they 
agree, the hypothesis is accepted, otherwise it is rejected. 

Tlie Deductive Method has been usefully employed 
in Astronomy, Physics, Sociology, Politics and other 
sciences. Tlie law of gravitation, for instance, is 
accepted as an induction established in Physics, and then 
are explained from it deductively the phenomena, such 
as the movement of the planets round the sun, of bodies 
on the surface of the earth, etc. Each of the three stages 
is necessary as an essential part of the method. We 
cannot start unless we know some laws already established 
by a science. We accept them as our starting-point, and 
assuming their truth we argue as to their consequences, 
and then verify them by observation and experiment. 
Without the last stage of Verification, our Deductive 
Method of Science could not be distinguished from the 
Deductive Method of G-eometry, in which if we start 
with definitions, axioms and postulates (which are 
accepted as true) we must have true consequences, and 
no further verification is necessary. 

* Mill seems to value this Method very highly, since 
lie says To the Deductive Method thus characterised 
in its three constituent parts, Induction, Batiocination, 
and Verification, the human mind is indebted for its most 
conspicuous triumphs in the investigatiQn of nature. To 
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it we owe all the theories by which vast and complicated 
phenomena are embraced under a few simple laws, which, 
considered as the law^s of those great phenomena, conid 
never have been detected by their direct study.” ’ 

3. Its Application Illustrated. — We shall now 
illustrate the application of the Deductive Method by 
means of examples. For instance, w^e want to determine 
the cause of strikes. Now, we know the genei'al law 
that whenever Capital exploits Labour to a degree which 
does not allow the workman a living w’age, dissatisfaction 
is bound to result in a strike, wdiich is the only passive 
weapon in the hands of the oppressed and the weak. 
We then follow out this principle in its consequences 
and discuss how far a strike can have valid grounds to 
stand upon. Lastly, we observe the actual conditions 
of the strikes we are investigating and see how far they 
support the induction we started with. Suchlike 

problems are, however, very complex, and the study of 
the various conditions in w^hich such phenomena occur 
as well as the causes that lead to them form a very com- 
plicated problem to cause perplexity even to the most 
experienced statesmen and politicians handling them. 
Mill illustrates the application of this method by 
the following example by which he proves the identity 
of gravity with the central force of the solar system : — 
'' First, it is proved from the moon's motions that 
the earth attracts her with a force varying as the inverse 
square of the distance. This (though partly dependent 
on prior deductions) corresponds to the first or purely 
inductive step, the ascertainment of the law of cause. 
Secondly, from this law, and from the knowledge pre- 
viously obtained of the moon's mean distance from the 
^MilL Bk. III. xi. 3. 
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earth, and of the actual amount of her deflection from 
the tangent, it is ascertained with what rapidity the 
earth’s attraction will cause the moon to fall, if she were 
no farther off and no more acted upon by extraneous 
forces than terrestrial bodies are. That is the second 
step, the ratiocination. Finally, this calculated velocity 
being* compared with the observed velocity with which 
all heavy bodies fall, by mere gravity, towards the surface 
of the earth (sixteen feet in the first second, forty-eight 
in the second, and so forth, in the ratio of the odd 
numbers, 1, 3, 5, etc.), the two quantities are found to 
agree.” ^ 

The rise of water in the pump may also be explained 
by this niethod. First, we state the inductions already 
established in Physics, viz,, (a) that the atmospheric 
pressure on a column of water is 14 lb. to the square 
inch, (5) that liquids exert pressure equally in all direc- 
tions, and (c) that pressure in any direction, if not 
counteracted by an opposite pressure, produces motion. 
Secondly, we calculate the consequences deduced from 
these laws. When the position of the pump is raised 
removing the pressure upon the water within the 
cylinder, the pressure of the air outside forces this water 
to rise up. Thirdly, we verify this computation by direct 
observation. It is found that at the sea-level the atmos- 
phere supports a column of water 32 feet high, and that 
such a column exerts a pressure of 14 lb. to the square 
inch. Thus the computed effect corresponds with the 
phenomenon to be explained. 

4. Sources of Error, — It may sometimes happen 
that the consequences as computed by ratiocination may 
not correspond with the facts observed. This means that 
error has crept in somewhere. If we are sure of having 
Bk. Ill xiv. 4. 
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correctly observed, the facta, it is evident tliai'. the error 
must , lie either, in the premisses in the first stage, or in 
the ’ratiocination- in the second stage. We then revise 
the process of computation, -and if the error still persists, 
we mast' look upon oiir premisses with suspicion. 
Carverth Eearh mentions the following four ways in 
which the' premisses of a deductive argument are likely 
to be vitiated : — 

/. (1) We. may. not have accurately ascertained the laws, 
or .the modes of operation, of the forces present. 

. (2) The eircunistances in which the agents am com- 

bined may not have been correctly conceived. 

(3) One or more of the agents affecting the result may 
have been overlooked and omitted from the estimate. 

(4) We may have included among the data of our 
reasonings agents or circumstances that do not exist or do 
not affect the phenomenon in question. 

5. The Inverse Deductive Method.— We have seen 
that the Direct Deductive Method starts with laws or 
inductions, deduces conclusions from them through 
ratiocination, and then verifies these conclusions by obser- 
vation with facts. But, as Mill says, there is a kind 
of sociological inquiries to wliich, from their prodigious 
complication, the method of direct deduction is altogether 
inapplicable.” The forces that operate in the deter- 
mination of a phenomenon may be too intricate, too com- 
plicated or too numerous to be combined in a direct 
deduction. In such cases we resort to the Inverse 
Method, also called the Historical Methods Here we 
^ vide Logic, (London, 1898) p. 198. 

‘ called because it is particularly useful in explaining 

the movements of history and in verifying the results of 
Politics and Sociology^ But its use is not necessarily con- 
fined to such studies. It is also resorted to in Geology, 
Biology, etc. 
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do BO t start with a or inductions but 

■with a consideration of the facts of social life and of 
history, which yields us: empiricat laws of the pherio- 
inenoii concerned V :We then laws, not by 

coniparison with further^^f^ but by deduction from the 
]a;ws of human nature, from the nature of the cause.” 
We must keep clear the distinction between the Direct 
and the Inyerse Method. Whereas in the ” method of 
direct deduction ” we compare the results of deduction 
with observed facts, w^e here begin by provisionally 
formulating empirical law^s gathered from facts of obser- 
vation, and then verify these laws by deducing them from 
the principles of human nature.” In other words, 
while in the Direct (” Ehysical ”) Method, a Deduction 
is verified by comparison with an Induction, in the 
Inverse (“ Historical ”) Method, Deduction is called in 
to verify a previous Induction. 

But Carveth Bead objects to the mere order of 
occurrence of the two logical processes of Induction and 
Deduction as constituting the essential distinction 
between the two Methods. Dor,” as he says, “ in 
the first place, in investigations of any complexity both 
Induction and Deduction recur again and again in what- 
ever order may be most convenient ; and in the second 
place the so-called ‘ inverse order ' is sometimes resorted 

to in Astronomy and Physics The essential difference 

between the Physical and Historical Methods is that, in 
the former, whether Direct or Inverse, the deductive 
process, when complete, amounts to exact demonstration ; 
whereas, in the latter, the deductions qonsist of qualitative 
reasonings, ■ and , the results are indefinite. They 
establish — (i) a priori a merely probable connection 
between the phenomena according to the einpiric<^I law ; 
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(ii) connect this with other historical or social generalisa- 
tions, by showing that they all alike flow from the nature 
of races of men under certain social and geographical 
conditions ; and (hi) explain why such empirical la^ws may 
fail, according to the differences that prevail among 
races of men and among the conditions under which they 
live/’^ 

The Inverse Method is more indefinite than the 
Direct, both in its inductions and deductions, and 
Carveth Bead rightly characterises it as demanding much 
sagacity and more sincerity, and proposes the precaution 
to make the empirical law as nearly true as possible. 

6. The Hypothetical Method. — The Inverse 
Deductive Method may perhaps be viewed as the most 
concrete form in which Scientific Method can develop 
But even this cannot be taken as the final standpoint, 
since, as Mill tells us, Hypothesis plays a very important 
part in Scientific Method : “ the function of hypotheses 
is one which must be reckoned absolutely indispensable 

in science Without such assumptions, science^ could 

never have attained its present state... Nearly everj^thing 
which is now theory was once hypothesis.*’^ 

The Hypothetical Method is adopted when we are 
not aware of the causes operating in a phenomenon but 
are rather anxious to ascertain them. Although a modi- 
fication of the Deductive Method, it differs from the latter 
in one important aspect. In the Deductive Method, the 
laws which are elaborated through ratiocination are 
proved by experimental methods, while in the Hypothe- 
tical Method, they are not proved but assumed. Thus 
the Hypothetical Method is shorter and simpler than the 
Deductive, and consists of two steps only : (1) Eatiocina- 

1 op. cit, p, 200 ff. 
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tion, and (2) Verification. Mill says that the legitimacy 
of this method rests only “ on one supposition, namely, 
if the nature of the case be such that the final step, the 
verification, shah amount to and fulfil the conditions of 
a complete induction.’* 

The nature of this Method will become clearer after 
a perusal of the following Chapter on “ Hypothesis,” 
The three methods dealt with here are Methods of 
Explanation, as distinguished from Induction. 


SUMMABY. 

Mill’s Experimental Methods cannot always be 
applied : they are helpless, in particular, while dealing 
with the diflSculties arising from Intermixture of Effects. 

In such complicated cases, a more strengthened 
Method of Explanation called the Deductive Method is 
employed. 

It consists of three stages : Induction, Eatiocination 
and Verification. ‘ Given any complex mechanical 
phenomenon, the inquirer considers — (i) what laws 
already ascertained by induction seem likely to apply to 
it, (ii) computes the effect that will follow from these 
laws in circumstances similar to the case before him ; and 
(iii) he verifies his conclusion by comparing it with the 
actual phenomenon,’ 

This is known as the Direct Method or the Physical 
Method. 

The Inverse Method, or the Historical Method, is 
used when a phenomenon is too indefinite to be dealt with 
by Direct Deduction. We start by tormnlating empirical 
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laws on observation, and then verify these induGtioiis;.by 
means of Deduction. . 

The Hypothetical .Method is a modification of .the 
Deductive Method and consists of two stages only, tnz. 
Eatiocination and Verification. The laws developed 
through ratiocination . are hot proved but assivnicd.. 


QUESTIONS AND EXEKCISES, 

1. Set down the limitations of Mill's Experimental 
Methods. 

2. When is the Deductive; -Method employed? What 
are its merits? 

' ’ 8; ■ Name the various stages constituting the Deductive 

Method and show their inter-connexion, 

• 4. Estimate, after Mill, the value of the Deductive 
Method, -and give two examples to show how it is employed. 

5. Distinguish between the Direct and the Inverse 
Methods of Deduction. . . 

, 6. . Describe the Hypothetical Method in its relation 
with the Deduetive^ Method. 

7. Prove, or disprove, inductively, or deductively 
that — 

(a) . At certain epdoh&' great men occur in groups. .. 

(b) ■ Eevoliitions ^always.begin in hunger. , 

(c) : Government is* impoasible- except by the . eoropera 

• ■ tioh’ of , the people. . ■ • ; ■ . - 

(d) No taxation without representation. * ■ 

; ■ (e) Empires,- like -Eine Arts,,, pass . through . periods of 
development, culmination and decay. - . • 

. ' (t),,Ereed0pa .ineaus^seKrdotermmati^^ " 

Eiplaiu ' the " Historical Method of sociological 
inquiry. Illustrate yqur answer. 
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9. De^mng . Dew io. be The spontaneous appearance 
of moisture on substances exposed in the open air when no 
rain or visible .ivet is falling/’ show how the Deductive 
Method is to be employed to establish the law of causation 
of the pberiomeiion from the annexed table of observa- 
tions,:— 


Antecedents. 

(1) Cold metal 


Consequents, 

(1) Deposit of Dew on metal 
or stone. 

(2) Deposit of Dew on glass. 


of Dew on the 


or stone ; i 
Breathing upon. I 

(2) .Hot wea.tlier ; ^ Glass of ^ 
water drawn from , deep ^ 

: well; Exposure, to exter- 
■'■"""nal air. 

(Z) Inner surface of walls of (3) Deposit 
dwellings ; Long continu- walls, 
ed frost ; Thaw ; Moisture 
in air. 

(4) Night-time ; Exposed 
surface; Thermometric 
cold ; Circulating air 
Thermonietric heat, I 

10. How are causes discovered which are less open to 
observation than the effects? 


(4) Deposit of Dew 
exposed cold surface. 


on 


CHAPTEE VIII. 


HYPOTHESIS. 

1. Meaning end Function of Hypothesis*— A Hypo- 
thesis is a supposition made in order to explain facts 
scientifically. It is our attempt at explanation. As 
scientific investigators we must start with facts, and also 
end with facts. We start with such known facts as can 
suggest a provisional supposition, which is developed 
further into its consequences. The truth of these conse- 
quences is again put to test. If- they stand verification, 
the supposition is accepted as a w^orking hypothesis for 
still further tests. If they do not, it is rejected in favour 
of another supposition, which too is similarly treated, A 
provisional hypothesis need not necessarily be abandoned, 
if it fails in its verification by observation and experiment : 
it might sometimes have only to be modified. Even a 
false hypothesis proves of some use in marking the lines 
of suggestion to be avoided.^ In fact, each h 3 ?pothesis, 
though rejected, tends to furnish us with a better clue to 
explanation. 

Mil! defines a Hypothesis as “ any supposition which 
we make (either without actual evidence, or on evidence 
avowedly insufficient) in order to endeavour to deduce 

^ It is said, for instance, that Eepler conceived an 
rejected nineteen hypotheses before hitting on a valid one, 
which would e^iplain the laws of planetory motion. 
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from it conclusions in accordance with facts which are 

known to be real/*‘V 

We are obviously concerned here with a scientific 
hypothesis alone. A hypothesis, in order to be scientific, 
must lead us towards explanation of facts, and must in 
itself be verifiable. It must help us in widening the range 
of our knowledge, rather than in making a clearer state- 
ment ot what we already know. Hypothesis is mainly a 
weapon of discovery. Logic can hardly pretend to lay 
down any rules for making a scientific hypothesis. 
Much depends on one’s insight and natural gift, with 
which to lay hold on Nature’s clues. This is the field in 
which the genius and originality of a scientist can help 
him more than anything else. To a scientifically trained 
mind facts themselves easily suggest the lines of their 
explanation. Newton, for instance, took a hint frdm the 
falling apple, which led him on to the discovery of Gravita- 
tion. Hypotheses are suggested by Analogy, Enumera- 
tive Induction and the ordinary classifications and 
generalisations embodied in language. 

The chief test of a scientific hypothesis is that it must 
be verifiable. 2 ‘‘ Scientific hypotheses,” says Joseph, 

“ consist for the most part not in the mere coupling in 
the mind, as cause and effect, of two insulated phenomena 
(if the epithet may be allowed) : but in the weaving of a 
large number of phenomena into a coherent system by 
means of principles that fit the facts.” ^ 

2. Development of Hypothesis*— A Hypothesis 
admits of various degrees of probability, and cannot be 
accepted as valid unless it has passed through several 
cit,^ Bk. III. xiv. 4. 

® But to be verifiable it must be adequately develop- 
able.’^ Gibson, op. cit,, p. 328. 

Joseph, op. p. 433. 
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stages of experiment. We begin witli a provus-iunal 
hypothesis, a mere supposition suggested by our kno\A'- 
ledge of facts under investigation. If this iivpothesis 
works, it passes on to a higher stage of probability arul 
becomes a working hypothesis. ]\Iore than one of socii 
liypotheses might sometimes suggest themselves to be 
equally true. Selection is then to be made, with appeal 
to facts, as to which can ultimately help us in our explana- 
tion. A working hypothesis when established becomes 
a legitimate hypothesis. At this stage it is regarded as a 
scientific hypotliesis. “ To work well, a hypothesis irmst 
be both resourceful and fruitful. To be resourceful, it 
must be rooted directly (or indhectiy through the rnedimii 
of a general working idea) in a reasoned system or science. 
To be fruitful, it must be capable of continually extend- 
ing its sphere of verification, and of bringing more and 
more facts under scientific control.” ^ A working 
hypothesis, in order to establish itself as legitimate, has 
to be verified by means of the experimental methods, and 
in particular the Method of Dilference. It has also to 
prove itself as the only tenable hypothesis. 

A convenient, distinction is sometimes made between 
a hypothesis of Law and a hypothesis of Cause. The 
former seeks to give us a sort of quantitative expression 
of facts, a clear description of their exact character, 
telling us how they stand in a series of other phenomena 
and in what manner they happen ; while the latter 
furnishes us with a qualitative expression of facts, by 
which we obtain an insight into their causes, and are told 
not simply how they happen but why they happen as they 
do. The former is also known as a descriptive hypothesis. 

< Gibson, op. cit, p. 328. 
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It lias its own use in so far as it enables us to find out a 
coherent system to which the facts belong, which in 
itself may afford us a further clue as to their final 
explanation. A hypothesis of Cause is also known as an 
r;.7'p/(ruator|p hypothesis. 

3. Conditions of Valid Hypothesis. — A legitimate 
liypothesis must fulfil the following conditions ^ 

(1) It must be suggested by a preliminary survey of 
facts, and must, therefore, have its object a real cause, a 
tiera causa.' Any hypothesis which is not suggested 
by facts under observation but is an imaginative construc- 
tion, though helpful to a degree, cannot be accepted as a 
scientifi.G hypothesis. The scientist should scrupulously 
keep out his owm personal equation from the inquiry, 
and try to be a faithful photographer of phenomena, not 
projecting his own preconceived notions into them. A 
spirit of impartiality in all observations and verifications 
is a sine qua non of the success which may attend in the 
working of a hypothesis. Claude Bernard rightly 
observed : On entering the laboratory leave your 

imagination with your overcoat in the vestibule, but take 
it wfith you again on your departure.’’^ This is, indeed, 
a very sound advice to all students of science. 

(2) It must be verifiable, i.e., it must be capable of 
proof or disproof. We must not, for instance, assume 
the cause of a phenomenon that cannot be verified in 
nature, because of its supernatural or imaginary character. 
It must be capable of becoming an object of our experi- 
ence, and definite enough to be proved or disproved in our 

^Coffey, op. cit , voL IL, pp. 148 Joyce, op cit p. 351) 

®A vera causa is a real cause, a cause independently 
known to exist. 

® Claude Bernard, Introduction d V etude de la midedne 
expSrimentale, p. 44, quoted also by Coffey, op. cit. vol II. 
p. 149. 
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experimental inquiry relating to facts. Carvetii Eead 
points out the same truth thus : “If a new agent be 
proposed, it is desirable that we should be able directly 
to observe it, or at least to obtain some evidence of its 
existence of a different kind from the very facts which 
it has been invented to explains 

Then, again, a hypothesis cannot be accepted as 
scientific unless it can adequately explain the facts in 
question, i,e,, can account for all the phenomena wdiiclv 
it attempts to explain. A pa/rtial explanation is no better 
than an attempt to explain away facts, but the truth is 
that a fact can never be ‘ explained away.’ 

Again, in order that a scientific hypothesis be 
verifiable, it must be self -consistent, and must not con- 
flict with other pre-established truths. If it is true, it 
must necessarily be self-consistent, since truth knows of 
no contradiction. Thus, a scientific hypothesis must be 
free from any internal contradiction. At the same time, 
it must not clash with other extablished laws, as other- 
wise it will have no place in the system to which all truths 
belong. We must, however, be on our guard as to where 
there is any real contradiction. Sometimes it so happens 
that only a superficial conflict with certain truths is 
revealed, which is capable of elimination by a mere re- 
statement or re-interpretation of those truths or laws from 
different stand-points. 

(3) It must stand as the only hypothesis, excluding 
all other hypotheses, to explain a fact or a group of facts. 
Until this requirement is also fulfilled, we cannot be said 
to have formed a legitimate hypothesis. There might be 
proposed a number of rival theories, but a further test 
must eliminate all and prove one alone to be capable of 
^ Oarveth Bead, op, eit,^ p. 270, 
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adequately explaining all the phenomena which it is 
proposed to explain.' 

(4) Exceptio probat regulam.— In testing the truth 
ol a legitimate hypothesis exceptions are of great value. 
Ehey do not by themselves prove the rule but test it. 
When, alter the application of a worldng hypothesis, a 
general law is enunciated as based on a group of observed 
1 acts, objections might be urged against the validity of such 
iri the shape of pointing out cases not covered 
by the hypothesis, or those that are apparently exceptions 
to it. But “ every objection is shown to imply some in- 
attention to the conditions of the hypothesis, and in each 
case it may be said, exceptio prohat regulam — the excep- 
tion tests the rule. That is to say it appears on examina- 
tion (1) that the alleged exception is not really one, and 
(2) that it stands in such relation to the rule as to confirm 
it.^ Strictly speaking, there is no room for exceptions 
in scientific explanation. Either the exceptions prove to i 
be superficial, and thus only confirm the truth of the rule, j 
or they are discovered to belong to another system, { 
wherein they cease to be exceptions. A scientific law/ 
must be applicable universally and have no exception, in 
the sense of a contradiction. 

5. Crucial Instance'. — ^We have observed that a 
scientific hypothesis must be the only hypothesis to 
account for a phenomenon. Now, when rival hypotheses 
are forthcoming, we have to decide as to which of them 
would prove legitimate. This is done by means of a 
Crucial Instance, one that could only be explained on only 
one of such hypotheses, and which, therefore, decides the 
point at issue. A crucial instance serves as a sign-post 

' On the subject of the sources of Hypotheses, vide 
xupra under Analogy and Enumerative Induction. 

Oaryeth Eead, op. cit, p. 274. 
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to point out the direction of Truth. If it is arrived at by 
r experiment^ it is called a Crucial Experiment. The 
function of a crucial instance is to enable us to finally 
reject one hypothesis and accept one and only one as valid 

One single circumstance, which admits of one explana. 
tion only, is more decisive than a liiindred others whicli 
'/agree in all points with one’s. own .hypothesis, but are 
/ equally, well explained on an. opposite hypothesis.”^- 
//,,. ■;■ / was first employed by .Bacon to denote mv 
instance^: which 'absolutely excludes one alternative, thus 
establishing the other. The metaphor is taken from the 
tvoss-posts, which stand at the meeting-pomt of two 
roads, pointing the way to be taken. 

■: -'When a hypothesis has been established by a ' crucial 
instance, wdiat reason is there to suppose tliat no other 
aliernative will yet clash with it? Can w^e ever be ceriaia 
of having excluded all possible alternatives? That we 
can never be, in the' strictest sense." But if we be 
foxlunate enough to find crucial instances whenever there 
is any clash of alternatives, w^e may rest assured that w'e 
have arrived at that degree of probability, wdhch is as 
good as certainty, so long as our hypothesis is found to be 
the only possible one. In this part of our inquiry logic 
cannot lay down any rules, except the general directions 
for adequate observation and experiment. The fact is 
that Science is not a completed circle of facts but is daily 
growing in its scope and contents, so that all our hypo- 
theses are ultimately provisional, and they are legitimate 
only so long as they work. The Ptolemaic and Copernican 
hypotheses are an instance in point. 

^Uberweg, Logic (Eng, Trans.), p. 513. 

^cf. It is always possible that some future investi- 
gator, going over the same ground, 'vtill be able to show that 
the information given by the experiment (crucial) was 
ambiguous. '' A, Sidgwick, op. cit,, p. 142. 
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' 6. ^'Hypothesis mn fingo.’’— This "was the 

expression used by Newton in protest against hypotheses 
and rneans “ I do not imagine hypotheses/' This con- 
demnation can rightly be urged against all hypotheses 
that are arrived at very hastily, and are neither adequate 
nor definite. They usually suggest themselves to minds 
not trained in scientific thinking. When there is no 
n oalogy to guide us in the choice of hypotheses, or when 
we do not take the trouble of finding such an 
analogy, we often frame illegitimate hypotheses. 
Such might wdth reason be condemned by using 
the expression “ hypothesis non fingo,” but that is no 
reason why all hypotheses as such should be condemned. 
There is no progress in science without the aid of hypo- 
theses. We have to grope in the dark for a long time 
before we hit at the thing we require. Carveth Bead 
rightly emphasises the fact that “ Hypotheses are 
essential aids to discovery : speaking generally, deliberate 
investigation depends wholly upon the use of them." 
Even Newton himself worked with the aid of hypotheses 
in discovering the Law of Gravitation. But, of course, 
unscientific and gratuitous^ hypotheses should always be 
rejected. 

7. Hypothesis : Theory : Fact. — ^Hypothesis is 
usually distinguished from Theory by saying that while 
tile former is always more or less tentative, the latter is 
a higher stage of explanation, no longer open to question. 
That is to say, a hypothesis well established becomes a 

‘Carveth Bead, op, cit., p. 280 . 

-A gratuitous hypothesis is the assumption of an 
unknown cause, when the phenomenon is capable of being 
explained by the operation of known causes, or the introduc- 
tion of an extraneous (though it may be known) cause, when 
the phenomenon is capable of being accounted for by the 
causes already known to be in operation ” (Fowler). 
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speak of the theory of graTitation, Bot of 
the hypotheses of gravitation, although ultimately all 
theories are hypotheses. Again, those who do not accept 
a certain theory generally prefer to speak of it as a 
hypothesis rather than a theory. This applies for in- 
stance to Evolution, Electron, Creation, etc. 

A theory whose truth is established is accepted as n 
fact. The term fact is generally confined to the objects 
of our experience, objects whose reality can be grasped 
by our senses or by the mind. Some people narrow down 
its meaning to objects that can be perceived by the senses 
alone, but this is more or less arbitrary. 


SUMMARY. 

Hypothesis is a supposition by w^hich we attempt an 
explanation of facts. A scientific hypothesis must be 
verifiable. 

We may speak of stages in the development of a 
hypothesis. We start with a Provisional hypothesis, 
which becomes a Working hypothesis, if it wmrks. If it 
is established by the test of verification, it is accepted as 
Legitimate or Scientific hypothesis. 

A hypothesis of Law is only a descriptive hypothesis, 
while that of Cause is an explanatory hypothesis. 

A scientific hypothesis (1) must be suggested by a 
preliminary survey of facts, (2) must be verifiable, i.c., 
capable of proof or disproof, and (3) must be the only 
hypothesis, excluding all others. 

A Crucial Experiment is one that suggests a Crucial 
Instance, like a finger-post at cross-roads, pointing the 
.way. A Crucial Instance is an instance which absolutely 
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excludes one alternative, thereby establishing the other, 
when there are rival hypotheses suggested. 

Newton’s dictum Hypothesis non fingo ” cannot 
be accepted as a condemnation of hypotheses as such, 
since scientific hypotheses are essential means to dis- 
covery. It could only apply to bad hypotheses and 
hasty generalisations. 

A hypothesis , when well-established, becomes a 
theory; and a theory when accepted is treated as a fact,{ 


QUESTIONS AND EXERCISES. 

.1. What is the function of hypothesis? Is everv 
supposition in science a hypothesis? 

2. Explain the meaning of hypothesis as a conscious 
process of scientific investigation. Show that a rejected 
hypothesis need not necessarily prove fruitless. 

8. Illustrate the use of hypothesis in scientific 
explanation. 

4. State the conditions to which a legitimate hypo- 
thesis must conform. 

5. Distinguish between a ivorldng and an established 
hypothesis. Give easy examples. 

6. Describe the various kinds of hypothesis' distin- 
guished by logicians, and compare them with one another. 

7. Explain and criticise: — (a) ** Men are now cured 
of their passion for Hypotheses,”, (b) '' Hypothesis non 
fingo.” 

8. Explain the role of analogy in suggesting and verify- 
ing hypotheses. 

9. Taking the evolution,” or, any other proposed 
hypothesis, how should one proceed (a) to show whether it 
satisfies the conditions of a legitimate hypothesis sufficiently 
to entitle it to investigation, and (b) to test it with a view 
to its acceptance or rejection as a truth of science? 


CHAPTEE IX. 


EXPLANATION. 

1. Nature of Explanation.— Explanation marks the 
goal of scientific inquiry. Literally, the word means the 
making plain or clear, so that there shall be nothing 
uneven or obscure to interrupt our view. Explanation 
presupposes something to be explained, ie., a state of 
prior obscurity or perplexity, the degree of which depends 
on our educational level and the state of our mental 
development and partly on the progress of knowledge as 
a v/hole. For instance, the phenomena of Thunder- 
storm., Volcanic Eruptions, Earthquakes, etc., were very 
much more obscure during the beginning of the last 
century than they are now, as the world's knowledge has 
considerably increased since then. They might even 
to-day be obscurities to those minds that are not con- 
versant with the general principles of science, especially 
of Physics. Explanation seeks to answer the “ wdiy ’ ’ 
so deeply rooted in the human mind. Even children are 
always curious to know why a certain phenomenon is as 
it is. They ask so many questions about things around 
them, and that is Nature's way of educating them to 
begin with. 

A fact is explained when we point out its cause. 
This may be done either by showing it to follow from the 
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a..ppHca'tion of a law, or by pointing ont its relations to 
other facts constituting the same universe. A law ** 
again suggests a why of its own, demanding further 
explaiiation, and it is said to be explained when we show 
its corniexion with certain other already known laws, 
from wiiicl'i it can be deduced. This explanation of law^^a 
takes place in one of the three ways, of which we shall 
speak below. 

2. Popular and Scientific Explanation. — We ma> 
first distiiiguish the popiular notion of Explanation from 
the scientific view, since we are concerned with the latter 
only. The principle is the same in both, viz., generalisa- 
tion.^ In popular explanation it is considered sufficient 
if particular facts to be explained can be related to others 
known previously. More often, we confine our attention 
to the explanation of facts mther thB^n Bain 

observes : “ There is a special and everyday form of 

explanation that consists in assigning the agency in a 
particular occurrence ; as 'when we ask — ^what stops the 
way? Who wu'ote Junius? Who discovered gun- 
powder? These questions belong to our practical wants 
and urgencies, but the answer does not involve the 
process of scientific explanation. If , however , we proceed 
from the ‘ who ’ or ‘ wffiat ’ to the ‘ 

A’s carriage stop the way? Why did the author of Junius 
write so bitterly ?— there is an opening for the higher 
scientific process.”^ In the popular view, therefore, 
facts are explained when they cease to remain isolated 
but are brought into relation with others, already known, 
or, at any rate, better known. 

1 Generalisation is the discovery of resemblance amid 
differences, the detection of the universal in the particular. 
See below, sect. 5. 

^ain, Locfic (Induction), p. 116, 
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In scientifiG explanation, our treatment of relating, 
particular facts to more general or better known facts or 
laws is as full and precise as possible, and the laws under 
which facts or less general laws are placed are supposed 
to be the widest possible, preferably the laws of nature. 

The popular mind is usually satisfied when we 
substitute one mystery for another to be explained. For 
scientific purposes, how^ever, we must trace that mystery 
as far back as we possibly can. Gn this subject w-e had 
better quote a well-known paragraph from Mill. He 
writes : — 

The word explanation is here used in its philoso- 
phical sense. What is called explaining one law of 
nature by another is but substituting one mystery for 
another; and does nothing to render the general course 
of nature other than mysterious. We can no more assign 
a why for the more extensive laws than for the partial 
ones. The explanation may substitute a mystery which 
has became familiar, and has grown to seem not mysteri- 
ous, for one which is still strange. And this is the 
meaning of explanation in common parlance. But the 
process with which we are concerned often does the very 
contrary; it resolves a phenomenon with which we are 
familiar into one of which we previously knew little or 
nothing ; as when the common fact of the fall of heavy 
bodies was resolved into the tendency of all particles of 
matter towards one other. It must be kept constantly in 
view, therefore, that in science, those who speak of 
explaining any phenomenon mean (or should mean) 
pointing out not some more familiar, but merely some 
more general phenomenon, of which it is a partial 
exemplification ; or some laws of causation which produce 
it by their joint or successive action, and from which, 


tiierefore, its conditions may be determined deductively. 
Every such operation brings us a step nearer towards 
answering the question which was started in a previous 
cliapter as comprehending the whole prol^lem of the 
investigation of nature, viz., what are the fewest assump- 
tions, which being granted, the order of nature as it exists 
would be the result? What are the fewest general pro- 
positions from which all the uniformities existing in 
nature could be deduced?”^ 

Popular explanation does not give us the ‘ why ’ or 
the * wlierefoi'e * of a fact. That is only possible in 
scientific explanation, which refers to principles and 
laws, priom in se, through m familiar to us. 

There is, of course, a limit to such references. The 
ultimate “ why ” of things cannot be answered by 
science. It remains a mystery to furnish materials for 
the philosopher's cogitations., 

3. Forms of Scientific Explanation.— There are 
three modes of scientific explanation, which are oppro- 
priately named Analysis, Concatenation, and Subsump- 
tion. ^ 

(i) Afialysis : the passing from fact to law. The 
analysis of a phenomenon into the separate 
laws of its causes constitutes the first mode of 
scientific explanation. Thus, for instance, to 
explain why thunder follows lightening we 
have to analyse it into (1) the discharge of 
electricity in the air (2) distance of the 
observer from the event, and (3) the law that 
light travels faster than sound. Similarly, in 
explaining why iron floats in mercury we have 

^Miil, ojj, eit., III. xii. 6. 

®vide Carveth Bead, Logic, 1914, pp. 302-305. 
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to resolve it into (1) the laws of floating 
bodies (2) the law of density (3^' the Lot of 
specific gravity. 

(ii) Concatenation : the discovery of steps of 

causation between a cause and its remote 
effects ; the interpolation and concatenation of 
causes/’ This is the second mode. Here we 
detect an intermediate link of causation 
between what w’as first supposed to be the 
cause and what w’as supposed to be its effect. 
We show that such supposed cause was really 
the remote caitse, the cause of the cause. 
For instance, we say in India “ good monsoon, 
good harvest.” Good harvest is the result of 
several factors which are mainly brought 
about in their turn by a good monsoon. 

(hi) Subsumption : the placing of several law’s 
under one more general expression. This is 
the third mode of scientific explanation. For 
instance, the law's of the expansion of solids 
liquids and gases, by heat, are resolved into 
the general law of the expansion of bodies by 
heat. 

In all these forms of explanation, facts and law^s are 
harmonised ; a less general law is referred to a more 
general law. Partial laws are unified under more 
universal laws, and this goes on till we discover the most 
general laws, 

4. Limits of Explanation, — ^If the line of scientific 
explanation moves on towards the subsumption of partial 
laws under more general ones, the question is wdiere it 
is going to end. Are there any limits to this process? 
This question is asked by Mill, after he has distinguished 
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derivatwe laws (those that can be resolved into mox'e 
general ones) and ultimate laws (those that cannot be 
thus resolved) and has observed: ** We are not sure 
tliat any of the niiiforniities with which we are acquaint- 
ed are ultimate laws ; but we know that there must be 
ultimate laws; and that every resolution of a derivative 
ia\v into more general laws, brings us nearer to them.*’^ 
The question is, shall we be satisfied if we discover 
tliDse ultimate law-s, or must they be further resolved into 
some one universal law? 

We explain tlie particular with reference to the 
universal. Bnt when V7e arrive at certain final unifor- 
mities of nature, the wddest generalisations of induction, 
are wt. to stop there and treat them as self-explanatory or 
try to explain them in turn by reference to a still wider 
uniformity, if any? The only evidence of their truth, 
it is urged, lies in the faets of experience, since they do 
not strike us as self-evident truths in the sense in which 
for instance, the axioms of geometry are. We cannot 
rationally account for the organisation of our experience 
without such ultimate uniformities. Hence these laws 
are ultimately nothing more than postulates. They 
possess for us a kind of hypothetical truth, since without 
their assumption we cannot explain our experience.’^ 
Scientific explanation is powerless to go beyond these 
ultimate laws. Philosophy alone does away with all such 
hypothetical tmths. 

The phenomena of nature are only particular cases 
of the Laws of Nature. Por instance, it is erroneous to 
op. cit, III. xiv. 1. 

2cf. The belief that there are Laws of Nature, in the 
plural, is the scientific assumption par ex^llence, and their 
discovery is the unceasing concern of science. Dchiiier, 
op, cit,, p. 313. 
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speak of tke laws of falling bodies as liaving been due to 
the law of gravitation. The former less general laws are 
not the effects hnt only cases of the more general law 
of gravitation. They pre-suppose a number of permanent 
causes, which, as Mill says, “ have subsisted ever since 
the human race has been in existence, and for an 
indefinite and probably an .enormous length of time 
previous. The sun, the earth, and planets, with their 
various constituents, air, w^ater, and other distinguishable 
substances, wiiether simple or compound, of wiiich 
nature is made up, are such Permanent Causes... But we 
can give no account of the origin of the Permanent 
Causes themselves. Why these particular natural agents 
existed originally and no others, or why they are com- 
mingled in such and such proportions, and distributed in 
such and such a manner throughout space, is a question 
we cannot answer.”^ Neither do we expect Mill or the 
methods of science to answer this question, which, 
however, is the most fundamental question of Meta- 
physics. 

Scientific explanation swings between the twm 
extremes of the most particular and the most general. 
The following mark the limits of scientific explanation : — 

(1) Fundamental states of consciousness are their 
own explanation and cannot be explained further. For 
instance, our feelings of colour, smell, etc., are ultimate 
and unique : they cannot be resolved . into any simpler 
states, hence they cannot be explained. 

(2) Certain ultimate principles cannot be explained, 
e.g,, the atom, matter, inertia, gravity, energy, etc. 

(3) Individual peculiarities of particular objects too 
cannot be explained. 
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, 5 . ; GeneralisatioE.. — ^In' our attempt to' understand 
'tlie meaning of any fact or phenomenon we always 
proceed by viewing it in relation to the whole or the 
system to w^hich it belongs, since our experiential world 
is a world of relations. There are no isolated facts at 
all. They ma-y appear so, as long as we do not under- 
stand them. All our explanation involves generalisation , 
which means, in other words, that it is an attempt to 
bring the particular in relation to the more general. 
When we refer a fact to a law, i.e., when we connect it 
with similar other facts, all forming instances of one and 
the same law, we are already generalising.^ Such la^v 
may further be explained by a wider law, and all such 
process of thought which studies the particular in the i 
light of the universal is called generalisation. In this 
process we have to compare facts with others previously 
known, find out their similarities and dissimilarities by 
abstraction, and thus proceed to the snbsnmption of facts 
under concepts. But this process is open to two special 
risks, which are mentioned by Venn : — • 

(i) The difficulty of clearly detecting the common 
quality in a number of given instances of a 
certain class, and 

(ii) Even if the quality is detected, the instances in 
which it is recognised may never have been 
classed together . 2 p” 

^So far it is only an empirical generalisation, needing 
further explanation. It is more descriptive than explanatory, 
but all the same a necessary stage towards the final establish- 
ment of truth, Le., explanation. An empirical law is only 
a law of sequence and co-existence and must not be relied 
on beyond the range of the facts considered by it. It mi^t 
always be gained by direct observation. It points to the 
need of a further systematisation. ^ ^ .r t • r • 

^Yenn, The Principles of Bmpirical or Inductive Logic, 
p, 347, cf/ Gibson, op, cit,, p, 340, 
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6. Classification.— The' second 'difficnitj mentioned 
by Venn in the process of e'eneralisation leads ns to 
consider the meaning of Scientific Classification. Wlieii 
the quality common to a number of instances is detected, 
or is obvious by itself, the function of Classilioatioii is 
to bring all such instances together under one class- 
concept. Classification is to be distinguished from 
Definition in so far as the former is concerned with 
generalising concepts under concepts and the latter with 
generalising facts under concepts. Thus, we see that 
Definition and Classification mark the road, towards 
Explanation. Classification cannot, however, go beyond 
arranging facts for us in separate bundles, as it were, 
labelling them with class-names on the basis of common 
-affinity. By pointing out similarities and differences it 
helps in suggesting the directions to be followed for 
arriving at scientific explanation. “In classifying, we 
describe what is ; in explaining, what must be, and wdiy 
it must be.’*^ 

7. natural and Artificial Classification. — Can there 
be natural classification? Are there classes in Nature? 
The ancient view^' of the immutability of species and the 
rigidity of classes is now abandoned. It is believed that 
nature is one vast organism, in wffiich all facts or pheno- 
mena are interconnected, and the various species 
constantly grow into higher and higher types, or 
degenerate into lower forms ; in fact, there are no distinct 
watertight compartments in nature. This is very true, 
indeed ; but it should by no means make the process of 
classification and definition impossible. It is enough if 
we keep this truth in mind while treating classes and 

^ Jlobhouse, Theory of Kuawledge^ p. 473* 
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concepts for piirposes of scientific explanation. ^ We 
ma.y, therefore, lay down the following conditions which 
a Natural Classification must fulfil ^ 

(i) It should enable us to make the greatest number 
of general assertions about the class, 

(ii) It should enable us to infer of any other member 
of a class a great part of what we knew about 
any one.' 

(iii) It should point out the greatest similarity in 
the members of a group, and the least affinity to 
members of other groups. 

A classification is called Artificial, when it is based on 
a single attribute or extremely limited number of 
attributes. Such classification is usually resorted to for 
purpose of ready references or other facilities. For in- 
stance, books in a library are arranged according to size 
or subject or language for easy access. Any one common 
attribute may be selected for artificial classification ; the 

^cf. the following paragraph from Cairnes, Logical 
Method of Political Ecotiomy, p. 139, quoted by Mellone in 
his Introductory Text-Book of Logic, 1905, p. 142 : — “ To 
admit of degrees is the character of all natural facts ; there 
are no hard lines in nature. Between , the animal and the 
vegetable kingdoms, for example, where is the line to be 
drawn ? I reply that I do not believe that there is any 
absolute distinction whatever. External objects and events 
shade off into one another by imperceptible difierences ; It 
is, therefore, no valid objection to a classification, nor, con- 
sequently, to the definition founded upon it, that instances 
may be found which fall, or seem to fall, on our lines of 
demarcation. This is inevitable in the nature of things. 
But, this notwithstanding, the classification, and therefore 
the definition, is a good one if in those instances which do 
>wt fall on the line, the distinctions marked by the definition 
are such as it is important to mark, such that the recognition 
of them will help the inquirer forward towards the 
desiderated goal'' 

^■‘Vide Mellone, ihul. See f|,lso Joyce, op. cil, p. 391, 
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selection depends on the purpose in view. Different 
individuals guided by their different interests, may classifv 
the same objects into different groups. For instance, a 
group of pictures will be classified by an artist according 
to the various schools of form and colour, by a historian 
according to the time of their production, by a dealer 
according to their value, and so on. 

In science 'we sometimes group together classes in a 
series, as will help us in the discovery of their affinities 
For instance, we study natural history as Botany, 
Zoology, Minerology, etc. This is called ClassifiMtion 
by series. The object of such classification is, in the 
words of Mill, to “ arrange those kinds in a series, 
according to the degree in which they exhibit it, beginning 
with those that exhibit most of it, and terminating with 
those that exhibit least. 

8. Scientific Method,— Scientific Method is a 
systematic manner of carrying on the search for truth.’ 
By long training and experience, students of scientific 
investigation are able to mark out lines on which we 
should proceed with a view to the discovery of explanation 
of facts. There is, of course, method in every art and 
organisation. Its application gives us skill and powder. 
But we are now concerned only with strictly scientific 
method. There are two fundamental ways in which our 
mind works in its endeavour after the attainment of 
scientific Imowledge : Analysis and Synthesis. When we 
start with particular facts and events, study them in their 
mutual relations, classify them into groups, generalise 
facts into laws, etc,, we are following the Analytic 
method. On the other hand, when w’-e start with uni- 
versal laws and trace them out to their consequences, 
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pass from the cause to the effect, from the law to the 
particular facts, from essence to property, we follow the 
Synthetic method. Both these methods are most 
commonly used in science and philosophy. Science, 
however, has a wider scope for the application of the 
analytic method, and all our modern discoveries are 
mainly arrived at by this method. In Mathematics, 
however, we start with general principles, and proceed 
synthetically. The two methods may best be regarded as 
mutually supplementing each other. When we start 

with facts and proceed to universal principles, it is alwa,ys 
suggested that such principles may again be verified and 
demonstrated by reference to a wider range of facts. 
This, therefore, combines the analytical and the synthetic 
methods. 

Scientific Method not only familiarises us with the 
two systems of Analysis and Synthesis, but is of a further 
help to US in pointing out a few fundamental rules to guide 
us in the disposition and arrangement of our materials 
and argument. Obviously no hard and fast rules can be 
of much utility, since there are endless ways in which 
things may arrange themselves, and common sense may 
be our best guide all through. But, none the less, 
scientific training is of material help to common sense. 
The Ellies of Method, therefore, perform a useful 
function. 

Neioton lays down the following rules of philoso- 
phising ” in his Principia : — 

Eule I. “No more causes of natural things are to 
1)6 admitted than such as are both true and sufficient to 
explain the phenomena of those things.” 

Eule II. “ And therefore natural effects of the 
same kind are to be referred as far as possible to the same 
causes.” 


inductive LOGIC 

^Eulb III. “Those qualities of bodies that cau 
neither be increased nor diminished in intensity, and 
which are found to belong to all bodies within the reach 
of our experiments, are to be regarded as belonging to all 
bodies whatever.” 

Eule IV. In experimental philosophy, proposi- 
tions collected by Induction from phenomena are to be 
regarded as exactly true or as very nearly true, notwith- 
standing any contrary hypotheses, until other phenomena 
occur, by which they are made more accurate or are 
rendered subject to exceptions/* 

I his is a statement of what Newton considered to be 
file true method to be followed in Natural Philosophy. 
A moie general statement of the Eules of Method, which 
could be applied to all Philosophy is given by Descartes in 
hia Discourse on Method : — 

I. Never to accept anything as true which we do not 
known to be such. 

II. To divide each of our difficulties into as many parts 
as possible (analysis.) 

Ill' Iff proceed from the simple to the complex. 

IV. To make our enumerations complete. 

These are not meant to be concrete rules, but only 
general directions for philosophical thinking, wffiich', 
according to Descartes, must always be dear and distmet 
on order to be true.^ 

9. Nomenclature and Terminology.— It is easy 
enough to think, through images, of particular facts or 
individuals. But when we are thinking of general 
notions, law^s and principles, w^e require something more 

* Aldric’s Lo(}ie gives the following Rules (1) Fothino- 
should he wanting or redundant (2) The separate parts 
should agree with each other (3) Nothing should be treated 
save what is suitable to the subject or purpose (4) The 
separate parts should be connected 'by suitable transitions 
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tlicUi images. We miiiire symbols to convey our ideas 
nbout tilings or tiieir properties. Clearness of our thought 
rests a great deal on clearless of language. Precise 
t‘K[)ressio!! is very useful and necessary aid to precise 
thought. Xiiich liarin has, for instance, been done in 
Idiilosofihy by a confusioo or misuse of expression. 

What we, therefore, require is : — 
i, A Nomenclature, or “ system of names of all 
('[asses of objects, adapted to the use of each science.”^ 
These names must not be too fluid; they must easily and 
efficiently express the definite class of objects of which 
they are designed to be a symbol. Some sciences, like 
Chemistry, Xlusit*, Mathematics, etc., have their owm 
s])ecial nomenclature. 

'i. A Terminology, to describe and define the 
tilings that constitute the classes designated by the 
nomenclature and to describe and explain their action.*’ 
(ibid). This presupposes that there should be a distinct 
name for every distinct part of an object ; a name for 
every quality of an object, and for its degrees and modes; 
and a name for every separate process in nature. A 
c'areful use of terminology goes a long way in contributing 
to the clearness of our thought and expression. 


SUMMARY. 

A fact is explained when we place it under a more 
general law, and a law is explained by being subsumed 
under a still more extensive uniformity. Explanation 
answers the ‘ why ’ of a thing by tracing its cause. It 
is the goal of all scientific investigation. 

^Carveth Bead, op, cit,^ pp. 348-351, 
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Three modes of scientific explanation 
(i) A^talysis : passing from fact to law. 

(ii) Concatenation : the dmcQYeiy ot the steps of 
causation between a cause and its remote effects. 

(iii) Suhsuniption : the placing of several laws under 
one more general expression. 

In our explanation, we cannot go beyond the 
Ultimate Laws of Nature, whose truth we have to accept 
hypothetically in reference to the facts of experience. 
The phenomena of nature are only particular cases of the 
Laws of Nadnre, not their effects. 

The ultimate principles of nature, the fundamental 
states of our consciousness, and the individual peculiarities 
of particular objects, cannot be explained. 

G-eneralisation is the process of viewing a fact in 
relation to the whole or the system to which it belongs. 
Truths are established through empirical generalisatious. 
Generalisation involves Abstraction and Comparison. 

Classification brings together a number of instances 
under one group on the basis of one or common attributes. 
ArUficial classification is generally based on the affinity as 
to a single attribute (selected for a definite purpose , 
while Natural classification is based on the greatest 
number of similar attributes in the members of a group. 
We must, however, bear in mind tnat there are no 
distinct and immutable species in Nature. 

Scientific Method is a systematic manner of carrying 
on the search for truth. Its two main aspects are : “ 
Analysis, proceeding from particular facts to their laws, 
from the concrete to the abstract, from the particular to 
the more general, from properties to their essence, from 
effect to cause ; Synthesis, proceeding from laws to their 
application, from the abstract to the concrete, from the 
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universal to the particular, from essence to properties, 
from cause to effect.. 

..Descartes’ .four Eules of .Method : — ■ 

1. Never accept anything as true unless known to 
!)e such. 

2. Divide each difficulty into many parts, 

3. Proceed from the simple to the complex. 

4. Make enumerations complete. 

For clear thinking we also require (i) a Nomenclature, 
or a system of names, and (ii) a Terminology to define the 
exact meanings of the things forming classes designated 
by the nomenclature. 


QUESTIONS AND EXERCISES. 

1. What is meant by Explanation ” in Science? 
Give also the popular meaning. 

2. What is the object of Explanation? Describe and 
illustrate its principal forms. 

3. * The object of science is explanation/' 

‘ ‘ Science never explains : she only reduces complex 
events to simple ones of the same kind, as when she deals 
with certain phenomena of magnetism by supposing every 
ultimate unit of the substance to act as if it were a magnet. ” 

Consider these statements. 

4. Indicate the meaning of the term * law ’ as 
employed in natural science. Distinguish between empirical 
laws, laws of nature, and ultimate laws. 

“ A truly universal law is not a demonstrable truth.” 
Discuss. * 

5. Discuss the three modes of scientific explanation, 
and set down the limits of explanation. 

6. What is the function of Generalisation in Induc- 
tion? 
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7. Explain the nature and use of Classification, tiie 
means to, and tests of, its successful peiiormance, 

8. Discuss the value of Matural Classification as a 
scientific method. 

9. Distinguish between the aims of Classification and 
Logical Division. 

10. What is meant by Scientific Method? Distinguish 
between Analysis and Synthesis as scientific methods. 

11. Examine the methodological relations between 
Definition. Classification and Nomenclature. 
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FALLACIES. ' 

1. Meaning of Fallacy. — The term V‘ Fallacy ” has 
been used in a wider as well as a narrower sense. In its 
widest sense it implies ‘ any erroneous judgment or 
belief/ and as error conforms to no law and its possi- 
bilities are countless, any systematic treatment of fallacies 
in this sense is obviously impossible/ More strictly, 
however, the term is applied to ‘ any error due to the 
violation of a logical principle.’ All errors cannot, of 
course, be called fallacies, but only such as iiossess a 
semblance of validity, while violating some logical 
principle. 

Eailacy must be distinguished from Paralogism, 
Sophism and Paradox, Kant (h Paralogism 

and Sophism on a purely psychological basis, and has 
been followed b}- several others after him.- He defined 
Paralogism as a fallacy deceiving the person who 
employs it; and Sophism, which deceives the person to 
whom it is addressed. Carveth Eead says: “A 
Fallacy is any failure to fulfil the conditions of proof, 

^cf. the authoFs Elements of Deductive Logic, Calcutta, 
1918, pp, 347 E, 

But a distinction based on purely psychological grounds 
has no value in Traditional Logic. 
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If we neglect or mistake the conditions of proof uninten- 
tionally, whether in our private meditations or in 
addressing others, it is a Paralogism ; but if we endeavour 
to pass off upon others evidence or argument which we 
know or suspect to be unsound, it is a Sophism/’^ De 
Morgan takes Paralogism “ to specify an offence against 
the formal rules of inference,'’ but in this sense it is apt 
to be easily confounded with Fallacy. The term 
“ Sophism ” has been used, since Aristotle, to signify 
dialectic traps laid intentionally to deceive the opponent. 

Fallacy may also be distinguished from Paradox, 
which, as De Morgan observes, “ is properly something 
which is contrary to general opinion; but it is frequently 
used to signify something seif-contradictory. The more 
precise writers of our day use the word paradox for an 
opinion so very singular and improbable, that the holder 
of it is chargeable with an undue bias in favour of singu- 
larity or improbability for its own sake." “ 

2. Classification of Fallacies. — We have mentioned 
elsewhere some of the ways in which Fallacies have been 
classified, and have discussed them very briefly after 
Aristotle's scheme. We give below the outlines of some 
of the principal schemes of their classification, 

Aristotle divides fallacies into two groups, mz., 
fallacies ‘‘ in dictione^'' i.e., those due to the ambiguous 
use of language.; and fallacies " extra dictionem, Le., 
those which spring from a source other than the ambigu- 
ous use of language, and which can only be detected by 
an examination of the matter dealt with. The first 
group comprises six kinds of fallacies, and the second 
comprises seven; thus — 

cit,, (1914 ed.), p. 385. 

^De Morgan, Formal Logic^ p. 338, also quoted by Welton, 
Manual of Logic, vol. II. p. 229. 
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• A^ SopMsmata in dictione ■ 

(1) Equivocatia: Equivocation: due to ambiguity in 
a "single .terni', ■ ■ 

(2) Amq^hibolia : Amphiboly or Amphibology : due to 

ambiguity in the construction of a sentence. 

(3) Conipositio.: Composition: due to taking together 
what ought to be kept separate. 

(4) Divisio : Division : due to separating what ought 
to be kept together. 

(f5) Acoentiis: Accent : due to ambiguity of accent or 
, emphasis 

(6) Figim Dictionis: Figure of Speech : due to ambi- 
guity from the metaphorical use of words. 

B, Sophismata extra dictionem 

(1) Aecidefis: Accident : due to equating subject with 
. attribute. ■ ■ 

(2) a dicto secundum qidd ad dictum simpliciter: due 
to confusing a statement made with some limitation 
with one made absolutely, 

(5) I gnoratio elencM: Eefuting the /wrong point, or 
mistaking the point in debate. 

(4) Petitio principii: Begging the question: assuming 
in some form or other the proposition to be proved. 

(5) Non causa ‘pro causa : Deducing a conclusion from 

an irrelevant premiss. 

(6) Gonsequens : Consequent : assuming that a hypo- 
thetical proposition is always and necessarily 
reciprocal. 

(7) Plures interrogationes : Many questions: putting 
a question in such a form that a single answer 
involves more than one admission. 

Whately gives us the following scheme : — 

A. Logical Fallacies, ** where the conclusion does 
not follow from the premisses,” including : — 

(1) Purely Logical, whose mere form exhibits their 
fallaciousnessi 
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(2) Se7ni4ogical, vh.j '' Bill the ; eases. , of ambiguous 
middle term except its noB-distribiition. ” 

B. Material or Non-logical Fallacies, where the 
conclusion does follow from the premisses/' including 
Ignoratio elencM, and Petitio pnncipii, the latter includ- 
ing Non causa pro causa. 

Mill gives us the following classification of 
Fallacies :■ — 

A. Fallacies of Simple Inspection : a priori 
assumption of propositions wutlioiit proof. 

B, Fallacies of Inference : — » 

(1) Inductive: 

(a) Fallacies of Observation : ‘ ‘ of which the error lies 
in not sufficiently ascertaining the facts on wdiich 
the theory is grounded; whether the cause of 
failure be mal-observation, or simple non-observa- 
tion, and whether the mal-observation be direct, 
c-j* by means of intermediate marks which do not 
prove what they are supposed to prove.” (Mill, 
V. ii, 2.) 

(b) Fallacies of Generalisation : arising from miscon- 
ception of ” the legitimate mode of drawing 
conclusions from observation and experiment.” 
(Mill, V. V. 1.) 

(2) Deductive : or, Fallacies of Eatiocination : arising 
from a violation of the formal rules of inference. 

(3) Fallacies of Confusion, “ in which the source of 
error is not so much a false estimate of the pro- 
bative force of knowm evidence, as an indistinct, 
indefinite, and fluctuating conception of what the 
evidence is ” (Mill, V. vii. 1.) 

Welton has classified fallacies according to the logical 
principle violated, and has set down the following scheme,^ 
which we consider very clear and simple : — 

^cl Welton, Manual^ (1896), Vol. II. p. 235 
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A. Fallacies iucideist to Conception. 

1. Faulty (or iui]>erf ectly conceived) Definition. 

(a) Embracing iueornpatible attributes. 

(b) Aristotle's Kquivocatio. 

(c) ,, Figura JJietionis. 

ydj ,, Setyundum Quid. 

(e) ,, ConipoHitia and l>iinrdo. 

2. Faulty Division. 

(a) Obaage of finuhinieni u nt divFionis. 

(b) Kon-exliaustive division. 

(e) Omission of steps in division. 

JL Fallacies incident to Jiulgnient. 

.1, Judgment involving self-contradiction. 

2. Alisinterpretation of categorical propositions. 

(a) Aristotle’s AnijdiihoUa. 

(b) ,, Accentus. 

d. Alisinterpretation of hypothetical propositioiH. 

4. ,, ,, disjunctive 

C. Fallacies incident to Immediate Inference. 

1. False Opposition, including Aristotle’s Phre 

interrogationes. 

2. Illicit Conversion. 

(a) Of an A or 0 proposition. 

(b) Aristotle’s Accidens. 

(c) ,, Gonseqnens. 

3. Illicit Contraposition. 

4. Illicit Inversion. 

I). Fallacies incident to Deductive Inference. 

1 . Abstract. 

(a) Undistributed Middle. 

(b) Illicit Process of tbe Major. 

(c) Illicit Process of the Minor. 

2. Concrete. — Pour Terms — including (a) tlie use of 
a proposition involving any of the fallacies under 

A, 1, (b), (e), (d), (e), and B, 2. 
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E. Fallacies incident to Inductive Inference. 

1. False Analogy, leading to wrong laypothesis. 

2. Imperfect Observation. 

3. Illicit Generalisation. 

F. Fallacies incident to Method. 

1. Taking as axioms propositions whicli are not self- 
evident. 

2. Aristotle's Peiitio principiL 

8. ,, Ignoraiio elenchi. 

4. ,, Non causa pro cama, 

3. Imperfect Observation.— We are not concerned 
here with fallacies in general, but with those incident to 
Induction alone. We shall, therefore, discuss Imperfect 
Observation, Illicit Generalisation, False Analogy, and 
also tho><- incident to Method. 

We have already spoken of the difi&culties in the way 
of a thoroughly accurate observation, and have also 
referred tc the conditions which a perfect and scientific 
observation must fulfil. We have now to point out the 
chief errors to which observation is liable. Mill says: 
“ A fallac} of mis-observation may be either negative or 
positive ; either Non-observation or Mal-observation. It 
is non-observation when all the error consists in over- 
looking or neglecting facts or particulars which ought to 
have been observed. It is mal-observation when 
something is not simply unseen, but seen wrong ; when 
the fact or phenomenon, instead of being recognised for 
what it is in reality, is mistaken for something else. ^ 

Fallacy of Non-ohservation : It arises when we over- 
look something that ought to have been observed. When 
we are investigating a phenomenon we sometimes over- 
stances which are pertinent to our subject. This 
ly to be accounted for by our bias. We are 

I, op. ciLf Y. iv, 1. 
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natarally inclined to pass over instances that go against 
cur theories and emphasise those that go to further 
strengthen them. For instance, in the case of a friend 
we very often overlook such instances of his conduct as 
go against the opinion we have previously formed of him, 
wdiile in the case of one towards whom we are not well 
disposed we exaggerate his faults and shortcomings and 
interpret even his good actions as bad. A father 
cannot form a very correct opinion of his son’s character, 
since he sees only one side of it, and is naturally disposed 
to view some of the evil actions more leniently than 
others. 

In science, the fallacy of Non-observation commonly 
arises when we take account of positive instances and 
neglect the negative. Instances both of the preseiice and 
absence of the phenomenon under investigation must be 
considered. We spoke of it above while treating of the 
Methods of Induction. “ The most extreme case of non- 
observation,” says Welton, ” is the invalid inference 
that because a phenomenon has never been observed it is 
necessarily non-existent.”' Non-observation is no proof 
of non-existence, unless the existence of a phenomenon 
necessarily involves its observation. Observation, being 
a selective process and involving implicit inference and 
depending upon previous knowledge, is highly complicat- 
ed, and the danger of non-observation of instances or 
some operative conditions or circumstances attending 
upon or constituting a phenomenon is obvious. In 
sociology, politics, economics, etc., the subject-matter- 
being very complex, there is always a great scope for this 
fal'iacy. The statistical method is sometimes used to 
determine the increase or decrease of a certain physical 

'Welton, Manual, Vol. II. p. 263.: 
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malady or mental disposition, but there is always a 
tendency to overlook some of the conditions, other than 
those pre-conceived, that may have operated in bringing 
about the phenomenon. For instance, a decrease in the 
number of convictions for drunkenness does not 
necessarily mean a decrease iii' the number of public- 
houses or of criminalit}' itself, since such decrease may 
be due to other causes, such as special legislation, special 
vigilant measures adopted by the Municipality, the 
IPolice, or to the Temperance propaganda. 

Fallacy of Mal-observation : The term means 
misinterpretation of the things of sense. The fallacy 
arises from a wrong observation of the instances pertinent 
to a subject. “ The I’ustic who takes a tombstone 
brightened by the rays of the moon for a 
ghost, or who interprets a donkey’s bray as the voice of 
a departed ancestor ” commits the fallacy of Mal- 
observation. Illusions in general furnish a further 
example of Mal-observation. Looking at a tree from 
some distance, I mistake a cluster of leaves for fruits ; or 
entering a dark room, I mistake a piece of rope for a 
snake. Such instances could easily be multiplied. 
Some common instances are given by Herschel : "If 
we plunge our hands, one into ice-cold wafer, and the 
other into water as hot as can be borne, and after letting 
them stay awhile, suddenly transfer them both to a 
vessel full of water at blood-heat, the one will feel a 
sensation of heat, the other of cold. And if we cross the 
two fir-t fingers of one hand, an'’ place a pea in the fork 
between them, moving and rolling it about on a table, we 
shall (especially if we close our eyes) be fully persuaded 
we have two peas.”’ Logic cannot help ns much against 

'H''rsf’hel, Natur'tl Philosophy, Sec. 72. cf. Welton, 
; Manual, V ol. II. p. 266. 
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such fallacies ; it. can at best warn us against their 
existence. This part of the subject, connected as it is 
with Illusion or mister-interpretation of sense-date, 
belongs to Psychology. 

4. False Analogy. — Analogy suggests a hypothesis; 
consec|uently , iaJse analogy will lead to a false hypo- 
thesis. This error chiefly arises when superficial likeness 
between two things is mistaken for essential resemblance. 
Sometimes an analogy does exist, but its force is wrongly 
estimated, and the inference based on it is taken to be 
more probable than it really is. This happens when the 
points of resemblance have been exaggerated to the 
detriment of the points of difference. When, however, 
no analogy actually exists, but we only assume its 
existence, the result 'will be an utterly wrong hypothesis, 
calculated to vitiate the whole scientific inquiry. We 
need not repeat here what we said above on the use of 
metaphorical language being a frequent source of false 
analogy. Analogy must also never be taken as strict 
proof.^ 

5. Illicit Generalisation.— All inductive fallacies 
involve illicit generalisation, since all induction involves 
generalisation. This is a most common form of fallacy. 
We generally argue about a whole class, when we mean 
only “ some ’’ or “ most.’* We are disposed to be hasty 
in generalising from only a few observed cases, and 
assuming an assertion to hold good universally. When 
an exception is brought to our notice, we simply ignore 
it by saying that a rule may have exceptions. As Be 
Morgan aptly puts it : ** A rule may have exceptions, it 

is said ; but this is hardly a correct statement. A rule 
with exceptions is no rule, unless the exceptions be 

^See ch. III. supra. 
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definite and determinable : in which case the exceptidni^^ 
are exclusions by another rule. ’ ; 

iVgain, this fallacy arises when we treat our empirical 
generalisations^ — which should never claim more than a 
high degree of probability— as universal la\vs. An 
empirical generalisation is based only on a partial^ 
analysis of our subject; hence, if it is treated as a law,- 
its function is clearly misused. The subject of an inquiry 
must be analysed in its entirety before we can arrive at 
any universal law about its nature or behaviour. Again, 
when we study social and political phenomena, w^e can 
at best study only one or the ether striking feature. But 
this gives us only an empirical generalisation, which has 
no: right to be extended to other features or coiKlitions 
not examined by us. If we do so, we have another case 
of Illicit Generalisation. A complete analysis of all 
conditions, positive as well as negative, is necessary to 
guard against this fallacy. 

6. Undue Assumption of Axioms.— Now^' we proceed 
to a very brief consideration of fallacies incident to 
Method, and the first is that of Undue Assumption of 
A:Xioms. We know that all proof ultimately rests on self- 
^op. eit.y p. 279. cf, our day nothing is more 

rommon than to hear and read assertions made in all the 
form, and intended to have all the power, of imiversals, of 
which nothing can be said except that most of the cases are 
true. If a contradiction be asserted and proved by an 
instance, the answer is ^ Oh! that is an extrevie case.^ But 
tne assertion had been made of all cases. It turns out that 
it was meant only for ordinary cases ; ivhy it was not so 
stated must be referred to one of three causes : a rnhrt:! which 
wants the Kabit of precision which formal logic has a tendency 
to foster, a desire to give more strength to a conclusion than 
honestly belongs to it, or a fallacy intended to have its 
ojiauce of reception. The application of the extreme case is 
very often the only test by which an ambiguous assumption 
can be dealt with 'h (ibid., p. 270.) 
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evklerit truths called axioms or first principleSi Axioms 
cannot be demonstrated, we can only convince ourselves 
of their truth bjr our own intuition. It. is very difficult 
to deteiiiiine which truths can be caned axioms and 
which not, since some truths may be self-evident to some 
and not to others. Thus some people will go on rejecting 
axioms unduly as not self-evident. But, at the same 
time, there is also a tendency of accepting hastily certain 
truths as axiomatic wliich on further consideration iiaye 
to be rejected. This tendency is more common than the 
opposite one, and a false assumption of axioms is largely 
due to a confusion as to the relation of thought and reality. 
This is, however, a question that leads ns into 
Metaphysics. ■ 

7. Petitio Principii. — This is also known as 
fhe Question,’ and is committed when we 
assume the truth of that which we want to prove : in 
other words, when we take for granted the very proposi- 
tion in dispute. This, according to Aristotle, is done in 
five diiferent ways : (1) by assuming the very proposition 
to be proved, (2) by assuming a universal which involves 
it as a particular case, (3) by assuming a particular in- 
volved in it, when the conclusion is universal, (4) by 
assuming the proposition part by part, and (5) by 
assuming another proposition which necessarily implies 
the one to be proved. 

A common example of this fallacy is to be found in 
the hypothetical adoption of a false line of argument, 
leading to reductio ad ahsurdum. We assume the con- 
clusion to be proved, and starting with this as our 
premiss proceed to show that all other suppositions are 
thereby made absurd. Euclid too adopts this method in 
his Geometry. But he assumes what he .^ajuts ..,4b 
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disprove^ and shows that his assumption makes other 
propositions absurd or conflicts with self-evident truths. 
Such indirect proof possesses its own utility, but it alwaj^s 
falls short of the validity of a direct proof. 

Two sub-forms of this fallacy may be noted, (1) the 
liysteron prater on y and (2) the circidus in denionstrando. 
The former is the case when the fallacy of petitio 
pnncipii is committed in a single step of inference, e.g, 

* A heated body expands, because the molecules move 
away from each other/ The fallacy sometimes lurks in 
the use of synonyms, e.g., * opium induces sleep, because 
it has a soporific quality.’ Sometimes the use of a single 
question-begging epithet gives rise to this fallacy, c.g., a 
new measure is called an innovation to prove that it ought 
to be opposed and rejected. 

When, however, more than a single step separates . 
the assumption of the conclusion as a premiss from its 
statement as a conclusion, the fallacy is called cir cuius in 
demonstrando ^ circulus vitiosus, or arguing in a circle. 
As a typical example, quote Whately : Some 

mechanicians attempt to prove, (what they ought to lay 
down as a probable but doubtful hypothesis), that every 
particle of matter gi'avitates equally. Why? Because 
those bodies which contain more particles ever gravitate 
more strongly, i.e., are heavier. But (it may be argued) 
those which are heaviest are not always more bulky. 
No, but still they contain more particles, though more 
closely condensed. How do you know that? Because 
they are heavier. How does that prove it? Because all 
. particles of matter gravitating equally, that mass which 
is specifically the heavier must needs have more of them 
in the same space. 

^Whately, Logic^ p. 25 ; also quoted by Weltou, Manual, 
VoL It p. m. 
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8. %s,oratio EleiieM.~Tliis is the fallacy of proving 
[lie wrong conclusion - When, instead of proving the 
exact contradictory of our; opponent's thesis, we prove 
something else which is mistaken for it, we commit this 
fallacy. This is the Aristotelian sense* of the term, but 
at present it is used in a more modernised sense to include 
all arguments wliich are * beside the point/ which ‘ prove 
the wrong conclusion ’ and which ‘ miss the point at 
issue/ By itself the argument may be perfectly valid, 
but inasmucii as it evades the point at issue it is fallaci- 
ous. For instanse, we commit this fallacy when we say 
that the study of llio classics or fine arts is useless because 
it serves no practical purposes, since such study may be 
defended on other grounds. It is not a complete answer 
to the thesis that such study is useful. 

Zeno’s famous paradox of Achilles and the Tortoise 
is a classical example of this fallacy. Achilles and a 
tortoise rim a rae=: Achilles runs ten times quicker than 
the tortoise, consei^uently accepts a liamlicap of 100 
yards. Kow, it is stated that Achilles will never overtake 
the tortoise ; for when the tortoise has run 10 yards, 
Achilles will still be 10 yards behind him, when these 10 
yards are caught up, he will be 1 yard behind. When 
this one yard is caught, he will still be 1/10 of a yard 
behind the tortoise, and when this 1/10 yard too is caught 
up,. 1/100 of a yard will still separate the two, and so on 

fallacy of stirrep:iiious conclusion, the mistaking, 
or obscuring of the proposition really at issue, whilst proving 
something else insteao '' Carveth Read, op. cit,, p. 398. 

The ‘ elenchus ^ was the technical name given to the 
final syllogism, in which the contrary or contradictory of the 
•opponent's thesis was showm to be true and the thesis there- 
by disproved. Hence Igvoratio Elt?ichi is literally the 
ignorance of the syllogism required for ' clinching ’ a point in 
this special way/^ Gibson, op, p. 291. 
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to infinity. Hence, it is proved that Achilles will never 
overtake the tortoise. 

Aristotle criticises this argument, by bringing out the 
fact that it involves a confusion of infinite length with 
infinite divisibility of length. The tortoise has the 
advantage of 100 yards. Achilles must cover this space 
before actually overtaking the tortoise. The argument 
aims to establish that this space is an infinite magnitude, 
hence it can never be completely covered by Achilles. 
But instead of proving that this space is infinite, it only 
proves that it is divisible ad infinitum. Thus it fails to 
prove the point at issue, and therein lies the fallacy of 
Ignoratio Elenchi. 

This fallacy is also committed when, instead of 
proving or disproving the whole proposition, we prove or 
disprove only a part, and emphasise that to the exclusion 
of the remaining part. The part selected is generally 
that which appears as the principal weak point in the 
adversary’s argument. 

Again, when we use an illustration intending thereby 
to make some difficult point easier, it generally happens 
that^ a wrong point, not intended to be connected with 
the illustration, is taken by the reader to be the meaning 
intended by the person using the illustration. Unless 
the point of analogy is clearly made out by the user of 
the illustration, and distinctly understood by the reader, 
the use of illustrations creates the fallacy of ignoratio 
elenchi. 

One frequently comes across various examples of this 
fallacy in the law courts, where counsels usually resort to 
this mode of argument when they are called upon to 
support a weak case. If there is no case, they sometimes 
begin to abuse the plaintiff’s attorney or enter into all 
sorts of details and arguments which are entirely 
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irr^levaBt to the point at issue. Political debates, news- 
paper controversies, theological and philosophical 
discussions, are the usual field for the employment of 
such fallacious arguments. 

The following are some, of the minor forms of this 
.fallacy:— 

1. The argwnentwn ad halcuvi. — This is only 
an appeal to physical force. When people have no case at 
all and ai*e convinced of the futility of reasoning out the 
point at issue, they sometimes appeal to physical force. . 

2. The arg'u;}nentum ad ignorantiain.- — This is an 
argument employed by the speaker who trusts to the 
ignorance of his hearers for the acceptance of his own 
statements. 

3. The argumentum ad populum. — This is an 
appeal to the gallery,*' not an appeal to reason. The 

mob-orator usually appeals to the feelings, prejudices 
and passions of the crowd instead of relevantly reasoning 
out the point under discussion. 

4. The argunieMuni ad verecundiam.— An 

to the people’s veneration for authority, or to the dignity 
of those who hold the opinion. 

5. The argumentum ad misericordiam, — An appeal 
to the people’s sense of pity ; i.e., instead of proving the 
iymocence of a person we try to show that he deserves 
pity. In murder cases, for instance, the defence counsel 
usually employs it when he cannot prove the defendant 
** not guilty.” 

6. The argumentum ad Jiomineni, or ** tu quoque ” 
argument. — In which a reference is made to the previous 
history of a man to shew that he could not consistently 
hold certain views. Not only the charge of inconsistency, 
but recrimination and personal abuse are also sometimes 
resorted to. If, however, the persona! character of a 
party is relevant to the truth of its statements, this 
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fallacy is not committed, and the counsel can have Ml 
liberty in impeaching its veracity by a reference to the 
personal character. 

9. 3J6n Causa Pro Causa. — This fallacy, also known 
as “ False Cause consists in assuming without sufficient 
proof that one thing is the cause of another. It usually 
occurs in cases of the reductio ad impossible, or indirect 
proof. In this mode of proof we endeaxmur to show that 
the statement of our opponent leads to an absurd com 
elusion. We either disprove a statement by showing 
that its assumption would lead to an absurd conclusion, 
or prove it by showing that the assumption of its falsity 
would lead to absurdities. When these absurdities do 
not follow from the statement actually made but from 
some other irrelevant proposition put into the argument, 
we commit the fallacy of non causa pro causa. For the 
same reason this fallacy is also called by Aristotle non 
per hoc, non propter hoc, i.e., your conclusion is 
absurd, not because of your assumption about my thesis, 
but quite independently of it.” 

This fallacy includes, according to Aristotle, all cases 
in which a conclusion is drawn from irrelevant premisses; 
in other words cases of Hon Sequitur.^ In the Aristo- 
telian sense, this fallacy was peculiarly applicable to 
dialectical disputations ; and in modern times it occurs 
under another form known as post hoc, ergo propter hoc. 
Instead of establishing a real connexion between the 
cause and effect of a phenomenon, we mistake for a cause 
something which is not really so. This generally results 
from our shirking the long intellectual process necessary 

^ That is, arguments so foolish and inconsequent that 
they cannot even be said to simulate cogency ; these cannot 
be positively characterised, but must be lumped together by 
the mere negative mark of incoaclusiveness.'' Joseph, 4p. 

43^4.,, p. 
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to establish a true cause and effect. We 

hastily assume that events which happen together in our 
experience a number of times are causally connected. 
Professor Creighton rightly traces this fallacy to “ a 
particular form of mental sluggishness. ’ ^ “ Two events 

OGCur in close conjunction with each other, and it is then 
assumed without further investigation that they are 
related to each other as cause and effect. Many popular 
superstitions are examples of this fallacy. Some project 
begun on Friday turns out disastrously, and it is inferred 
that some causal relation existed between the fate of the 
enterprise and the day on which it was begun. Or 
thirteen persons sit down to dinner together, and some 
one dies before the year is out.”f Thus the fallacy of 
post hoc, proptef hoc arises when we confound sequence 
or coexistence in time with causality. 


SUMMAEY. 

A Fallacy is an error violating a logical principle and 
possessing a semblance of validity. . 

Several schemes of classification of fallacies have 
been proposed. For Aristotlek, Millk,^ etc., 

(see above). 

The principal fallacies incident to Inductive Infer- 
ence are Imperfect Observation (Non-observation and 
Mal-observation), Illicit Generalisation and False 
Analogy; and those incident to Method are — Undue 
Assumption of Axioms, Petitio Principii, Ignoratio 
Elenclii, and Non Causa pro Causa. 

E. .Creighton, hiM cductory Logic, (Macmillan), 
1909, p. 310. 
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ITon-ofeservatioii.- — Overlooking facts or operating 
conditions which ought to have been observed. Due 
mainly to bias or prejudice, 

— Observing wrongly. Illusions 
furnish a common example. Sense-data are misin- 
terpreted. 

False 'Analogy.- — Mistaking superficial or .'partia'l 
resernblunce for essential likeness. Use of illustration a 
common source of this fallacy. It leads to false 
hypothesis. 

Illicit Generalisation.— Generalising, for a ' class .when 
we really mean “ some/’, and treating, empirical generali- 
sations as universal laws. 

Tlniue „ Assumption of Axiom,s*— Hastily accepting, 
certain truths as self-evident, when they are not 
actually so. , ' . 

Petitio Frincipii. — Begging the question : taking for 
granted the very proposition to be proved. (Note its 
five forms, supra). 

Ignoratio ElencM.— Proving the wTong conclusion ; 
mistaking or obscuring the proposition really at issue, 
and proving something else. 

Non Causa pro Causa. — Assuming without sufficient 
proof that one thing is the cause of another. More 
common form “ Post hoc, ergo propter hoc,” the mis- 
talving of temporal sequence or coexistence for 
causality. 

QUESTIONS AND EXERCISES. 

1. Distinguish between error and fallacy. Bring out 
the meaning of sophism^ paralogism ^ paradox. 

2. Describe the classifications of Fallacies by Aristotle, 
Mill and Welton, respectively. Give any other ciassifica- 
tion, of your own, if possible. 
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3. Name the fallacies incident to Induction, and give 
examples to illustrate them. 

4. Illustrate the various forms of the fallacy of Petitio 
pnncnpii, s.nd IgnoTaiio elenchi. 

5. ^ \\^hat fallacies are to be avoided in observation^ 
geneTalisaiion, and analogy 

6. Examine logically the following arguments, point- 
ing out the fallacies, as the ease may be : — 

(a) If it be said that there is an evil in change as 
change, I answer that there is also an evil in discontent as 
fiiseontent. 

(b) I speak not from mere theory. There exist at 
this moment practical illustrations of my assertions. 

(c) An adverse decision, my lords, will seriously pre- 
judice the political prospects of my client. I beg you 
therefore to weigh well a decision which, if unfavourable, 
will spell disaster for an honourable man. 

(d) Who can deny that this measure will ameliorate the 
lot of our fellow-citizens when we reflect that it will raise 
the standard of comfort in every home. 

(e) ** He has spoken of that noble person and of his 
intellect in terms wdiich, were I disposed to retort, T might 
say show^ the hon. gentleman to be possessed of an intellect 
wdiich would Justify me in passing over in silence anything 
that comes from such a man,’’ 

(f) No man can witness the daily misery and oppression 
of the poor in bur land without being stirred to redress their 
WTongs. I need say no more. That wall be sufficient fof 
all " enlightened men' to support this reform which has no 
other aim than to relieve their distress. (Welton). 
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